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ABSTRACT 


Title of Thesis: A Method to Predict the Statical Stability 
of Merchant Ships in Preliminary Design. 


Names of Authors: Alberto Jimenez 
Francis F, Manganaro 
Thomas J. Walters 


Submitted for the degree of Naval Engineer in the Depart=- 
ment of Naval Architecture on May 21, 1956, 


The authors have developed curves of KZ/B which may be 
entered with Cp, B/H and H/D to predict the curve of statical 
stability for merchant ships of normal form. Due to lack of 
time a correction for the effects of superstructure and vari- 
ations in shear and flare has not been developed, Such a 
gorrection should be introduced before the results are used. 
It is felt that good agreement will then be obtained, and 
evidence to substantiate this expectation is furnished from 
previous work on the subject (Ref, 39). 


The main difference between our work and that of previous 
investigators is the uss of series 60 parent with standard 
shear and normal flare, the abandonment of methods of longitu- 
Ginal expansion of the generated data, and a refinement of the 
method of lateral expansion, 


The fesling is expressed that the parent form method has 
been esrried to the limit of what can be accomplished on a 
eQO-hour thesis by the use of integrator methods, and the use 
of a digital computer in future investigations is suggested. 
A program for such a computer solution is available (Ref. 24), 
Recomnendation of a thorough investigation of the precision 
of measurements and calculations along the lines suggested 
by Ref. 1% is also made. 


Gonsiderable stability data which may be found useful is 
included, The eross-curves of stability for elght merchant 
ships, as well as the integrated data for our parents, which 
may be considered typical series 60 ships, is presented in 
the Appendices, 

Thesis Supervisor: George C. Manning 


Titles Professor of Naval Architecture 
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I. INTRODUCTION 


In the early stages of design, before the lines of a ship 
are drawn, the standard procedure for determining the curve of 
statical stability can not be used. Methods for drawing an 
approximate curve by proportioning from similar ships are 
described in the literature, but they are based on the estima- 
tion of a very few points and their accuracy is limited, 

It would be highly desirable if curves could be developed 
which were entered with the principal dimensions and coeffici- 
ents of form, and which would give directly the values of the 
righting arm at the various angles of inclination. Considerable 
work has been done on this subject. In this work, two main 
trends are discernible: (1) analytical methods and (2) methods 
based on parent forms, Although the desired product is the 
same, the methods are so different that they will be discussed 
separately. 

ANALYTICAL METHODS: In 1920, Dr. Shultz published in 
"Schiffbau," a formula that gave the righting arm in terms of 
the angle of inclination for "normal" ships, Eighteen years 
later, Aleman (Ref, 25) applied this formula to several mer- 
chant ships and found fairly good agreement for ships floating 
near the designer's load waterline. Gunney and Unel (Ref, 31), 
in 1944, although realizing that naval ships were hardly of the 
"normal" form to which Dr. Schultz referred, confirmed that the 


formula did not work for ships of this type. <A formula with 
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essentially the same limitations as that of Dr. Schultz was 
published in 1932 by Niedermair (Ref, 14). It gives good 
results for ships of “normal” form up to the angle of deck 
edge immersion. Burgess (Ref, 12) published a method in 1943 
based on a comparison between the shift of the center of buoy- 
ancy in a prism with that in a ship form; the method is some-~ 
what long, but has the advantage of being applicable to a wide 
variety of ships. In 1947, Prohaska (Ref, 16) introduced the 
concept of residuary stability. This procedure evoked con-~ 
siderable interest, but its principal disadvantage lies in the 
requirement of the estimate of the location of the center of 
gravity early in the calculations. In the early stages of 
design, this just means an additional source of inaccuracy and 
a lengthy calculation for every change in the initial estimate 
of the value of KG, An entirely new approach, utilizing 
harmonic analysis was developed in 1948 by Bernhart and Thewlis 
(Ref. 26). It gave good results for a wide variety of ship 
forms, but the calculation is lengthy for use in preliminary 
design. 

PARENT FORM METHODS: Several decades ago, Admiral Taylor 
demonstrated that in problems which defy analytical treatment 
by their complexity, an excellent way to obtain and present 
useful data is to choose a prototype “parent ship,” to expand 
this parent by systematic variation of the elements of form to 
cover the desired range of shapes, and to then plot the desired 
data (obtained experimentally) for this series of ships. Values 


for any particular ship can be obtained by interpolation from 
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the published data, It was logical that something similar 
be tried to solve the statical stability problem. Instead 
of experiments, actual computation of the curves of statical 
stability for the various ships of the series were carried 
out by the standard methods, 

The first work along these lines was that of Ramsay 
and Latimer (Ref. 36) in 1945, They considered three parent 
forms. Each had the same profile (including shear), but 
their underbodies had rectangular, triangular, and elliptical 
cross-sections. Although the general shape of the curves 
which they obtained was correct, they had errors of up +o 25% 
in the values of maximum righting arm. The most that they 
eould claim for their curves was that they would be useful 
for determining the effect on stability for small changes in 
form. In view of these poor results, the following year, 
Kelley, Jones, Crawford, and Gooding (Ref. 33) switched to 
hulis delineated from Taylor's Mathematical Lines, and they 


completed two hulls keeping C, constant while varying &,. 


p 
In the same year, McKay (Ref. 35) obtained cross curves by 
varying H/D. In 1948, Randall, Stark, and Meyer (Ref. 537) 
continued the work of Kelley, et al, by making the computa- 
tions for six more hulls based on Taylor's Mathematical Lines. 
In each of the six parents, only Cy Ch, or G, varied from the 
original. Their results, however, showed errors of up 60 15%. 
In the same year, Taylor, Ballantine, and Rietz (Ref. 38) 


arrived at the conclusion that previous inconsistencies were 


due in fact to the various hull forms used in that they were 
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not truly related, and they worked on six new Taylor's Mathe- 
matical Lines hulls characterized by a uniform variation of 
the hull coefficients, Their work was continued in 1949 by 
Church and Robinson (Ref, 28) who arrived at the conclusion 
that the Rietz parameter (C2 /cp) was not acceptable for plot- 
ting stability data. Furthermore, they decided to start 4 
new series based on Taylor Standard Series hulls with only 
one parameter changed at a time, and made use of a method for 
expanding the stability data laterally, thus saving consider- 
able calculation time. In 1951, Hubbard and Thompson (Ref. 
39) made a careful analysis of the relevant parameters and 
finally decided that good curves would be obtained by plotting 
KZ/B for systematically varied values of D/B, H/D, and Cs 
plus a correction for shear. In the same year, McCandliss 
(Ref. 34), while working independently, produced comparative 
plots of stability data based on several different sets of 
parameters, including the factor KZ/B. The use of KZ/B in- 
stead of GZ/B by both Church and Robinson and by McCandliss 
represents a considerable improvement because it eliminates 
the necessity of repeating the entire calculation for eacn 
estimated value of KG. Hubbard and Thompson, by using the 
method of Church and Robinson for lateral expansion, obtained 
data for 12 hulls, Their final curves gave good results when 
applied to 3 cargo ships. However, good agreement could not 
be obtained for tanker forms. They gave as a possible reason 
for the lack of agreement, certain inaccuracies in the method 


of lateral expansion that they used. In 1952, Brown, Fargo, 
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and Fick (Ref. 27) decided to apply a similar method to warships 
and developed a Warship Standard Series based on cruiser huils. 
They were able to obtain good agreement for certain types of war- 
ships, but not for others, 

After an exhaustive study of the work of all these previous 
investigators, the present writers decided that the parent form 
method was the most promising, and that the application of this 
method to merchant ship forms had been progressively improved 
in succeeding theses, Hubbard and Thompson's work gives the 
best results in the prediction of stability curves for actuel 
merchant ships, It was therefore agreed that we would make a 
thorough analysis of the ideas and methods of this thesis, and 


start our work from there, 


The discussion of the important parameters given by these 
authors, as well as their selection of the necessarily limited 
number that would be taken into consideration in the stability 
study, was found excellent, and no attempt was made to improve 
on it. Analysis of their procedure, however, led us to the 
conclusion that the most likely source of inaccuracy was in 
connection with the longitudinal expansion, and that to remedy 
the discrepancies would require a more involved method of ex-~ 
pansion, which would entail as much work as integrating each 
hull independently, The lateral expansion method was also 
found to contain inaccuracies, but these were due to only one 
specific step and could be easily remedied by doing that one 


step in more elaborate fashion. A detailed discussion of 
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these points is given in Appendices A and B, 

Since 1951, when Hubbard and Thompson did their work, 
the long-felt need of a new set of standard lines representa- 
tive of modern merchant practice to replace the Taylor standard 
series has culminated in the development of Series 60 (Refs.20, 
21, and 22). Since our main objective is to predict the stability 
curves of modern merchant ships, and the effect of form on 
stability is so marked, it was deemed advisable to abandon the 
Taylor standard series parents entirely and to use Series 60 
parents in our work, Besides, it was felt that any contribu- 
tion to the growing fund of data on Series 60 would be useful 
to the profession, especially since no work on the stability of 
this series had been done. 

As is well known, Series 60 has abandoned Taylor's method 
of longitudinal expansion to vary Cy because it leads to unreal- 
istic ship forms. Instead, Series 60 has one parent for eacn 
of the basic C, values (0.60, 0.65, 0.70, 0.75, and 0.80). This 
is no great loss for our work, since we had already decided, for 
the reasons given above, not to use the method of longitudinal 
expansion in the generation of stability data for various Op 
coefficients, 

In keeping with the idea of generating data from parents 
representative of actual merchant ship form, it was decided to 
abandon Hubbard and Thompson's idea of generating stability data 
up to an arbitrary "Plat top" which required the introduction 
of a fictitious depth in order to account for shear and flare. 


It was considered much more realistic to actually draw body 
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plans which retained exactly the form of the Series 60 hull, 
but which also included shear and flare representative of 
modern merchant ship practice. Standard Load Line Shear was 
nawaed and medium flare was taken from the values adopted by 
panel H-7 of the Society of Naval Architects and Marine 
Engineers for its seakeeping experiments on Series 60 hulls. 

To determine the applicable range of ratios and coefficients, 
a tabulation of these values taken from actual ships was madsé6 
(see Appendix C). From this table, the following average ratios 


were derived: 


Ship Type i/o DB HD LB BA 


Tankers 13.8 @.54 O.'76 7 # Dot 
Full Scantling Cargo Ships 11.5 0.62 0.74 7.2 2.2 
Shelterdeckers Wel oe 0,62 O07 7 0 2 ok 


In this table, L refers to the length between perpendiculars, 
and D to the depth up to the main deck in the case of full scant- 
ling ships and up to the shelter deck in the case of shslterdasckers. 

In the light of these results, and because the range of G, 
covered by series 60 includes all usual merchant ships, it was 


decided to generate data for the following range of parameters: 


Cy 0.60 to 0.80 
B/H 2.00 to 3.00 
H/D 0.60 to 0.80 


As can be seen, we use B/H and H/D instead of D/B and H/D, 
as did Hubbard and Thompson. This is not really a fundamental 
difference, and was adopted because Series 60 uses B/H as a 
defining parameter, Exactly the same can be said of our use of 


Cy, instead of C The use of KZ/B as the final parameter to pre- 


Joly 
sent the results has been retained, 
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II. PROCEDURE 


Once the decisions mentioned in the INTRODUCTION were 
made, we proceeded to draw body plans of the series 60 parents 
corresponding to G, of .60 and .80. A body plan of sultable 
scale was available for the Cy .70 parent from work which 
Professor Manning had done in England, Body plans for the 
intermediate parents of Cp .65 and .75 were not drawn because 
of time limitations. Further, it was felt that these three 
would define the variation of stability with Cp well enough 
for interpolation. The dimensions, scale, shear, and flare 
adopted for the parents is discussed in Appendix B. The 
body plans were checked by comparing areas at various sta- 
tions up to the load waterline with those given in reference(2l). 

Each parent was then integrated for volume and center of 
buoyancy following the standard integrator method. Each body 
plan was integrated at 0, 10, 20, 30, 45, 60, 75, and 90 
degrees; at each of these angles the integration was carried 
up to five different waterlines. Grids containing the water- 
lines were made on tracing paper and placed over the body 
plans at the desired angle. The grid was always rotated 
about the intersection of the centerline and the baseline, 
point K. The method of slices was used, that is the hull 
was integrated up to the lowest waterline at any given angle, 
for higher waterlines the portion between the desired water- 


line and the next lower waterline was integrated and the 
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result added to the previous total, The waterlines chosen 
depended on the angle of heel, At high angles the waterlLines 
must be more widely spaced to maintain the same spread of dl 
placement as at the lower angles, As explained in Ref. 7, 
this insures that the cross curves are well determined over 
the desired range of displacement for all angles, 

& standard Porm was prepared to tabulate the data, a 
sample of which is given in Appendix D, Table XX. All inute- 
grations were done in the clockwise diresbion so that the 
area dial readings always increased, while the mement diaz 
readings decreased for positive moments (1,6, the side away 
from the integrator track was taken as positive) and increased 

= 


for negavive moments. The axis of moments was mad6 to pass 


through K whenever possible; when the integrater would nov 


fn 


reach all parts of the body plan, she axis was displaced so 


rake 
a 


Oy 


shat: KG sinwequaled 1", The constants of the integrators 
used were carefully determined by going around known areas 

of different sizes ani shapes and taking & statistical average. 
These are given in Appendix B,. All these preecausions and the 
svandardisation of the precedure paid dividends in the com- 
patibility of the data generated by different members of che 
team and in the ease with which any of the data could be 
ehecked, 

The above integration gives the valve of KZ, and is all 


shat is normally done. In order to use the method of lateral 


ie 


expansion, the location of the center of buoyancy must he 
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completely defined. KZ gives its coordinate in the horizontal 
direction. Hubbard and Thompson determined the vertical 
coordinate by the standard method of integrating a curve of 
displacement vs, draft and dividing by the displacement. As 
discussed in Appendix B, this method presents several diffi- 
culties when a high degree of accuracy is desired, Therefore, 
we did not use it, Instead, we repeated the integration 
process described above for the determination of KZ (at the 
same angles and waterlines) but with the axis of the inte- 
grator rotated 90 degrees, thus determining ZB. ZB is the 
vertical distance from a horizontal line through K to the 
center of buoyancy, (See Figure I.) ‘This method does not 
require more work than Hubbard and Thompson’s procedure if 
the latter is carried to the needed degree of accuracy. Our 
method has the advantage cf providing a check on the inte- 


grated values of displacement. 


WEL 
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Once the location of the center of buoyancy of the three 
parents was determined, the method of lateral expansion, 
described in detail in Appendix B, was used to predict values 
of KZ for the offsprings. This meant going from a B/H of 2.32 
(value for the parents) to B/H of 2,00, 2.50, 2.75 and 3,00. 
As mentioned before, this covers the range of usual merchant 
Ships, It should be pointed out, howsaver, that in a recently 
published paper (Ref. 22) the plan of experimentation on 
series 60 has been changed to cover the range 2,50 to 3,50, 
instead of 2.00 to 3,00 as originally planned, because of the 
modern tendency to higher B/H ratios. If in the future, the 
data given in this thesis needs to be expanded above the 3.00 
limit, this can be easily done by plotting additional points, 
using the same procedure of lateral expansion for the desired 
values of the ratio B/H, 

For purposes of identification, seach hull was assigned 
a number as follows? 

TABLE IL 


B/H B/H B/H B/H B/H 
E200 22652502. 50k eae eno 


CG, 0,60 14 #=$1d 18 #26 ~ «12 


Cay ORO) G4) fst) 255° Gece 22 


© 


yo) 


Cy 0,80 54 OL Oo OO 

From the data obtained by integration, plus the data 
generated by the lateral expansion, it was possible to plot 
cross-curves of stability (KZ vs. displacement) for each of 


the 15 hulls, The cross-curves of the three parents, hulls 
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ll, 31, and S51, are given as figures XXIV, XXV, XXVI, in 
Appendix F, The cross-curves for the other twelve hulls are 
for odd angles that result from the lateral expansion. Time 
did not permit us to reduce these curves to standard angles. 
Therefore, they were not published, 

The next step is to read from the cross-curves the value 
of KZ for each hull at each angle for displacements corres- 
ponding to various H/D ratios. The ratios selectsd were H/D 
of .60, .65, «70, .75, and .80. These values as can be seen 
from Table IV, Appendix C, cover the range of H/D values 
encountered in merchant ships, These H/D ratios refer to 
the load waterline. 

Curves of stability arm (KZ) ws. angie of heel were drawn 
for each hull at the same H/D watio. These were plotted as 
families to show the variation in K% with B/H at constant 
values of H/D and C,. These are figures XXVII through XLI 
in Appendix F., 

In plotting these curves it was found that unfairness 
was difficult to detect. The method of plotting righting 
arm (GZ) vs. angle of heel was used to check the fairness. 

A value of KG 2 3" was used with eli hulls. Unfairness in 
the GZ vs ~%- curves was easily detected. Fairing was accom= 
plished by this method, The need for such fairing, we think, 
is unavoidable in processes of mechanical integration, compu- 
tation, and graphical expansion such as were followed in this 


work, Fairing was negligible in the integrated data for hulls 





aoe 


ll and S1, but some was required for hull 31. The offspring, 
in general, showed scattering at low angles of heel. This is 
to be expected from an analysis of the graphical lateral ex- 
pansion process. (See Appendix B.) The scattering was smail 
and of the magnitude that is reasonable to expect from the 
generated data. 

Our next step was to try various ways of plotting the 
generated data to find the one easiest to use to predict the 
statical stability curve of a ship. We tried plots of KZ/B 
vse H/D at constant B/H and 0,. Also, the superposition of 
families of H/D and C, were tried. KZ/B vs. Cp at constant 
B/H and H/D was tried with and without superposition of 
families, Our choice is KZ/B8 vs. B/H at constant H/D and 


C, for each angle plotted in families of H/D. These are 


b 
given as figures II through X in Section III, Results. 
Curves of displacement vs. draft in the upright con- 


dition are given as figure XLII, in Appencix F, 
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IfI. RESULTS 


Figures II to X constitute the final presentation of our 
data, and have been prepared with ease of use in mind, The 
Gesired parameter, KZ/B, is plotted as ordinate to a very 
large scale, so that visual interpolation may be used without 
loss of accuracy; as will be pointed out in the next section, 
very small variations in this value produce considerable 
variation in GZ values, so accuracy is paramount. The abscissa 
is B/H, and for each angle a range of H/D is covered. There 
is a complete set of curves (angles every 10° up to 90°) for 
each Cp, the C, interpolation being the only one that can not 
be done directly in the graph, Previous trial plots with ©, 
as the abscissa showed that in the range covered the variatim 
of KZ/B with C, was essentially linear, so that onee the values 
of KZ/B are read for each of the C,'s within which the desired 
value lies, linear interpolation can be used to determine the 
values for the ship in question, 

This method of prediction has been applied to eight mer-~- 
chant ships for which cross-curves of stability were available. 
Despite our efforts, these were all the cross-curves that we 
were able to obtain. Figures XI and XII show’the curve of 
statical stability of each of these ships at their designer's 
load draft. The solid line has been obtained from the cross- 


curves; the dotted line is the curve predicted by the method 





aQlea 


described above, and the dash-dot line the curve predicted by 
the method of Hubbard and Thompson, ref.(39). The general 
characteristics of the eight ships and their cross-curves have 
been included in Appendix C, as they may be useful to those 
desiring to check our calculations or to obtain curves at 
other displacements. The actual calculation of the predicted 
points, by both methods of prediction, may be found in Appen- 
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IV. DISCUSSION OF RESULTS 


The comparative curves of stability shown in figures XI and 
XII illustrate several important points, Before discussing these, 
we should point out that no attempt has been made to correct our 
results for the effects of superstructure and the differences in 
shear and flare between the actual ships and our "parents." The 
only reason why this was not done was lack of time, and we fully 
realize that such a correction is necessary to obtain what may 
be called acceptable agreement. The curves predicted by the 
method of Hubbard and Thompson (Ref. 39) do include the shear 
correction devised by these authors, 


Hubbard and Thompson's parameters were C., H/B, and B/D; 


p? 
their "parents" were Taylor series hulls with "flat tops" (i.e. 
no shear), and their data were generated by integrating a single 
parent and then expanding this data both longitudinally and 
transversely by the methods discussed in Appendices A and B. As 
Giscussed in these appendices, we have our reservations as to 
the degree of accuracy obtainable by these methods, and in the 
generation of our data we avoided the longitudinal expansion 
completely, and used a variation of the lateral expansion that 
we felt eliminated the inaccuracies that had arisen in previous 
investigations; however, as pointed out in Section VI, we have 
found that even with our more accurate method of predicting the 


Location of the center of buoyancy of the parents, there are 
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intrinsic limitations in the accuracy obtainable in the graphical 
part of the expansion, and for this reason are recommending that 
the method be abandoned. The other differences of our method 
with that of Hubbard and Thompson are the use of series 60 parents 
with standard shear and normal flare, and the selection of Cy » 

B/H and H/D as parameters, Both methods tabulate the data in 
temns of KZ/B. 

Comparing first the actual curves with those predicted by 
Hubbard and Thompson we may say that, in several cases, the 
agreement is quite acceptable for preliminary design purposes. 
Exceptions to this statement are the cases of the C2 and the TS, 
and to a smaller extent, that of the VC2. The initial slope is 
over-predicted in every case, and the angle at which maximum 
righting arm occurs is somewhat overepredicted. We were not 
able to arrive at a rational explanation of all these differ- 
ences, and they may well be due simply to the fact that these 
are not Taylor series hulls. Many factors besides the ones 
considered have an influence on stability, the most obvious 
ones béing shear, flare and C,, and we feel that even after an 
approximate correction is introduced for shear, there is an 
intvingice Limitation to the accuracy obtainable by the parent 
form method due to the fact that form has such a powerful effect 
on stability, and that variations in form are possible (in fact, 
common) in ships of the same Cy, and ratio of principal dimensions. 
This Limitation, however, does not mean that useful data cen not 
be generated for preliminary design, as the accuracy obtainable 


is well within the values required at that stage of the design. 
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The powerful influence of form is also pointed out in Ref. 
42,an official United States Navy publication. This publication 
gives curves of KZ/B at angles of 20°, 30° and 40° for ships 
within a certain range of C,, B/H and H/D. These curves were 
obtained by back=-figuring from the actual cross-curves for 25 
merehant ships and drawing a “mean” Line through the points 
obtained, The curves were used to predict the stability of 
merchant ships taken over by the Navy during the last World War. 
This was a provisional measurs and thse actual curves were later 
ovtained by integration. Comparison showed that although resson- 
ably good agreement was obtained in many cases, there were several 
unexplainable cases of marked disagreement, This seems to confirm 
the conclusion at which we arrived in the previous paragraph. As 
amascer of interest, where possible these curves have oeen used 
to predict points for our eight ships, and these points are shown 
by "stars" in figures XI and XII. No attempt has been made to 
draw a& curve through these points. 

Proceeding now to compare ouyv predicted curves with she 
actual curves, we observe that in general the shape of tne pre- 
Gicsed curves is the same as that of the actual curves bus are 
lower at all angles, the difference being more marked at une high 
angles of heel. Exceptions to these statements are the case of 
the T3 tanker, where agreement is remarkably good all along, and 
those of the C2 and to a lesser extent the ClL-M-AV1, where the 
initial part of the curve is predicted well enough but the high 
angles are considerably under-predicted. The fact that the form 


of the curves is good, and that the differences are all of the 
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same nature, makes us believe that very good agreement may be 
obtained by introducing suitable corrections for shear and 
Superstructure. Rather than try to arrive at finished results 
at all costs ~ a very natural desire - we have preferred to 
spend a great deal of time in the selection of the parents, the 
generation of the data and the evaluation of ths accuracy of the 
various steps in the process. We feel that "shortcuts" such as 
the methods of expansion or the use of overe-simplified hull 
forms, and the desire of each group of investigators to arrive 
at finished results in a 2O-hour thesis, have resulted in legs 
coordination between the various efforts than might have been 
obtained by evolving an over-all plan and letting each group 
investigate thoroughly a particular phase. We believe that 

the extensive literature to be reviewed and the time-consuming 
nature of the work demand a somewhat dirferens approach to the 
problem, and have oriented our reeummendations (see Section VI) 
in this direction. 

Although we have therefore not attempted to devélop a 
method of correction, the following qualitative discussion may 
be of use to any future investigators who may try to develop a 
correction. The fact that the T5 taenker is predicted so well 
may arise from the fact that the shear that we chose for our 
parents corresponds (stability-wise) to typical modern tanker 
shear, despite the fact that we selected the standard shear 
prescribed by the Load Line Regulations for cargo ships. Fur- 


ther confirmation of this fact is that all other ships, except 
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the C2 and the C1l-M-AV1, are low, as would be expected for ships 
which have considerably more shear than the TS tanker. In the 
eases of the C1-M-AV1, C2, C4-S-la and VC2, the low values pre- 
dicted at high angles of heel can be explained by the fact that 
the cross-curves for these ships were generated including various 
elements of the superstructure, an effect which was completely 
absent in the parents from which we generated our data. The 
large effect of the superstructure is illustrated in page 11s 

of Ref. 7. With regard to the initial slope, the fact that in 
most cases the actual curves lie somewhere in between our pre- 
Giction and that of Hubbard and Thompson might be due to the 
fact that the lines of the ships analyzed lie somewhere between 
Taylor series and series 60 lines, 

In conclusion, we would like to point out that the magnitude 
of these corrections need not be at ail lerge, as might appear 
from looking at the curves. The reason for this is the great 
sensitivity of GZ to variations of the parameter KZ/B. The most 
striking way to illustrate this is by means of an example. Take 
the most marked divergence between our predicted values and the 
actual curves, a difference of 3.27! in the value of GZ at 90° 
for the C5. To obtain perfect agreement, the value of KZ/B 
should vary the same as that of GZ/B, that is, 3.27/69.5 = .0470, 
a small variation compared to values of KZ/B of about .3000 at 
‘this angle. In most cases, the difference is much smaller (see 


Appendix E), 
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V. CONCLUSIONS 


The following conclusions are derived from our discussion 


of the results: 


1. - Methods for the prediction of statical stability based on 


parent forms developed to date are capable of predicting 
reasonably well the stability of many ships of form similar 
to that of the parent, but there are several ships for which 
good agreement is not obtained and no rational explanation 
is apparent. 

The parameters Cp, B/H and H/D are adequate to describe the 
fundamental behaviour of ships stabiility-wise, but the in- 
fluence of shear, flare and superstructure is so marked 
that the fundamental data must be corrected for their ef- 
fect in order to obtain acceptable agveement., This is 
strikingly illustrated by the good agreement obtained by 
Hubbard and Thompson for several ships after shear is cor- 
rected for. We feel that because of the parents selected 
and the procedure followed, the shape of our curves closely 
resembles the actual curves and wiil provide very good 
agreement after a correction for shear, flare and super~ 
structure is introduced. Such correction was not developed 
for lack of time. 

The parameter KZ/B is very convenient in that it eliminates 


the need to specify the assumed lcecation of G every time, 
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but has the disadvantage that very small variations in its 
value produce considerable variation in the predicted 

values of GZ. 

The parent form method has been carried to the limit of what 
can be accomplished on a 20-hour thesis by the use of inte- 
grator methods, The use of a digital computer in future 
investigations is recommended. A program for such work is 
available (Ref. 24), 

A thorough investigation of the precision of measurements 
and calculations involved in the prsdiction method, along 


the lines suggested py (Ref. 13), is needed, 
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VI. RECOMMENDATIONS 


As a result of the work done on this project, several recom- 
mendations suggest themselves, Some stem from the results them- 
selves and others are derived from the problems encountered during 
the generation of the basic data, 

Throughout the entire investigation, time was a major factor. 
Almost invariably, any step designed to increase the accuracy of 
the generated data or any check on the validity of a proposed 
method of obtaining data, without the tedious process of integrat- 
ing, proved to be time consuming, This points out not only the 
desirability, but the necessity of providing complete data on all 
work done in an exploratory way when deciding on the particular 
procedure to be followed in the generation of data concerning the 
basic parameters, A group cannot hope tc make real progress in 
the overall problem if it cannot make prefitable use of the labors 
of previous investigators. This can only be done if, not only the 
method, but all the details of its derivation and its proof are 
provided. 

Another factor in which time plays an important role is the 
question of assimilation of the existing information-on the 
stability problem as it stands to date. The work of previous 
investigators has reached a volume such that a considerable 
amount of time is required to read and evaluate it sufficiently. 


As the problem is pushed further and further, the time required 
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to prepare for continued investigation becomes greater and greater. 
This would suggest that the problem be carried on by a full time 
investigator such as a graduate assistant. 

Concerning specific aspects of the problem, there are several 
recommendations which must be made. Throughout the investigation, 
accuracy required continuous attentione A complete study of the 
precision oi the data and methods of calculation involved in the 
generation of stability data, and of any other processes such as 
the lateral or longitudinal methods of expansion, should be done. 
Reference (3) is a short but good treatment of this subject , and 
reference (13) applies these ideas specifically to naval architectural 
calculations. It is felt that such a study would constitute a 
thesis in itself, and would be most helprul to any future investi- 
gators of the stability problem.» Due to time limitations, we used 
the methods of reference (13) only as a guide with the exception of 
the integrator constants which were accurately determined. 

From our consideration of the above references, we feel that 
the effort required to obtain the desired accuracy becomes unprofit- 
able, In still others, the degree of accuracy is unknown. This 
latter conclusion is particularly true with respect to the expan- 
Sion methods developed to facilitate the generation of data without 
requiring the laborious process of integration of many body plans. 
Therefore, it is recommended that the method of generating data by 
méans of the longitudinal and lateral expansions be discontinued. 
This means that the basic data required, i. e- volumes and moments 
of many hulls, must be obtained by a single process whose accuracy 


can be ascertained. 
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The present investigators are of the opinion that the method 
of generation of the basic data by mechanical integrators has 
been carried out as precisely as is reasonable, Any further 
attempt to increase the accuracy of the process calls for an 
uneconomical expenditure of time. This, coupled with the ob- 
vious desirability of obtaining data for a large numbev of hulls 
at many water lines and at many angles of inclination requires 
that a new method of data generation be found, It is recommended 
that the method, as developed in this thesis, be adapted for cal- 
culation in the digital computer, The problem of invact stability 
has already been programmed for the computer (Ref. 24). It is 
entirely conceivable that a similar program could be developed to 
account for the desired variation in the basic parameters and to 
generate data for the various inclinations. Then, many, many hulls 
can be investigated to produce a large number of points in the 
cross curves of stability thus greatly reducing the amount of fair- 
ing in the basic data. This process also has tne added advantage 
of generating all the information by means of a single process, 
the accuracy of which can be ascertained. The programming of the 
procedure and the generation of the basic data by this method 
could well be a thesis in itself. Furthermore, such a thorough 
investigation (as could be accomplished using the digital com- 
puter) coupled with a precise knowledge of the accuracy of the 
process, would once and for all show just how much accuracy the 
parent form method is capable of -= a point which we feel has 


not been definitely elucidated by the investigations to date. 
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It is also recommended that further investigation be carried 
on to ascertain the contribution to stability made by shear and 
watertight superstructure. As brought out in the discussion of 
results, watertight poop and foc'sle decks and the presence of 
shear other than standard shear play an important role in a 
vessel's stability after deck edge immersion. It will be 
necessary not only to investigate the magnitude of these effects, 
but also to separate them so that different combinations of the 


two can be considered, 
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VII. APPENDICES 


APPENDIX A. SUPPLEMENTARY INTRODUCTION 


AE i — SE SESS See ca 


As mentioned in Part I, INTRODUCTION, our investigation 
started where Hubbard and Thompson (Ref. 39) had stopped. These 
investigators had used, in the generation of their data, the 
method of lateral and ieeeiadinel expansion first used by Church 
and Robinson (Ref. 28). The method of lateral expansion is dis- 
cussed in Appendix B since, with one modification, it has been 
used in our work, The method of longitudinal expansion was 
abandoned for two reasons: (1) the inability to apply it to 
series 60, where Cy is not varied by any geometrical process 
as in Taylor's series, and (2) some insecurescies inherent in 
the system, which could only be eradicated by making the process 
just as laborious as integrating each hull independently. The 
purpose of this discussion is to elaborate on this last point. 

Figure XIII illustrates the precedure used by Hubbard and 
Thompson. The lower portion of the figure represents the curves 
of sectional areas of the parent and of the hull to which it is 
desired to expand the data. The ordinates of these curves are 
given in(Ref. 41), and they refer to the load waterline of each 
Ship. As is well known, Taylor uses the same stations for all 
the ships, and varies the Cy by relocating the stations longi- 


tudinally. For example, station 2 in the parent is identical 
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to station 2' in the offspring, Hubbard and Thompson drew above 
these curves one curve of areas and another one of moments of 
areas for each waterline and each angie of heel; these curves 
were obtained by taking the values obtained in their integration 
of the parent and plotting them at the proper "prime" position 
(1?, 2',..). The resulting moment and area curves were then 
"Simpsonized” and their ratio, when multipiied by the proper 
constant, gave the value of KZ, 

Our objection to the method arises from the use of the same 
curves of sectional areas for all wateriines. Both the parent 
curve and the offspring curve should vr iy vary for each water- 


line, for the values of 0, of normal ship forms vary with draft. 


co) 


Although this variatoon of CG, is not very large, it produces 
considerable difference in the results, especially toward the 


2 


186 or Pall quite sharply. 


Ld 


ends where the area and moment curves x 
Differences as high as 10% were found in area and moment readings 
by introducing normal variations of oy wita draft. This convinced 
us that the inaccuracies introduced weve unaeceptable, The only 
way to avoid them is to plot a different curve of sectional areas 
for the parent and each offspring &t each waterline, and to use 


the appropriate curve for each waterline for whieh data is to be 


a) 


generated. This would entail as much work as integrating the 


offspring, and is probably not as accurate, 
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Station used for all waterlines by ref.(39); correct for 
4" W.L., Taylor Standard Series to go from C..552 to .640. 
Correct station for 3"W.L. for ship with DWeL=4"W.L., 
b ; 
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FIGURE X7JII .- LONGITUDINAL EXPANSION 
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APPENDIX B. DETAILS OF PROCEDURE 


Drawing of the Body Plans 
The body plan for the series 60 parent with Cp of 0.70 was 


furnished to us by Professor Manning. This body plan had a 
beam of 10", a 1,00 WL draft of 4.27" (i.e. a B/H of 2.32), and 
a depth of 6,40", the main deck being simply a straight line 
(i.e, a ship with zero shear). For purposes of uniformity, and 
to avoid having to draw the body plan for the 0.70 parent again, 
the above beam and draft were adopted. The upper portion of the 
body plans however, was redrawn to resuit in more realistic 
ship forms. Since an H/D of 0.75 had been found typical of 
tankers and full scantling cargo ships, a depth of 5.69" amid- 
Ships was adopted for all parents. On this depth, standard 
shear as prescribed by the Load Line Regtlations was super- 
imposed, "Medium flare," as defined by Panel H-7 of the Society 
of Naval Architects and Marine Engineers for their seakeeping 
experiments on series 60, was used, the data being taken from 
body plans furnished by Professor M. A. Abkowitz. The important 
offsets are tabulated below for easy reference. The distance 
between stations was chosen as 7.5", thus giving a ship's length 
of 75" and an L/B of 7,5, exactly the midpoint of the range of 
L/B to be covered in the resistance investigation of series 60 
(6.5 to 8.5). Besides, this spacing had the virtue of simpli- 


fying the arithmetic of the "Simpsonizing” process. 
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The table below gives the shear (which is the same for all 
three parents, since their length is the same) and the half- 
breadth at the 1,25° WL and at the deck at side, The offsets 
at the 1.00 WL and below are the standard series 60 offsets as 
given in Ref, 21. As previously mentioned, all the parents 
have a length of 75", a beam of 10", a depth of 5.69" and a 


draft of 4,27", 


TABLE III. SHEAR AND HALF-BREADTHS OF PARENTS 


Station Shear Parent #11 Parent #31 Parent #51 

1,25 Dk.at 1.25 Dk.as 1.25 Dk. at 

WL _side WL _side WL side 

O 1.25" ,04" 35" se «(56 me 464" 
3 992 64 1,05 1,14 1.64 2,76 5,20 
1 785 1.32 1,84 25e4) 27S 4.24 4,38 
2 462 3.01 3.30 A.26 4,36 5,00 5.00 
3 228 4,32 4,42 4.93 4,94 5.00 5,00 
4 072 4,90 4,91 5.00 5,00 5.00 5,00 
5 .000 5,00 5.00 5,00 5,00 5,00 5,00 
6 022 5,00 5.00 5,00 5,00 5,00 5,00 
" 097 4,95 4,97 4,99 5,00 5,00 5,00 
8 222 4,68 4,82 4.70 4,82 4,86 4,92 
9 {400 5,56 4,06 3.80 4,20 AAT 4A 
Of 505 3502 3.40 2,82 3.48 3,35 3.80 
10 OCS ae ey Ares 1408 2724 1.85 2.32 
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Integration Procedure 
In Part II, PROCEDURE, we have already given the standard- 


ized procedure followed in the integration process, and here we 
will only mention a few additional details, 

The integrators used were Integrators #1 and #2 of the 
Department of Naval Architecture Plans and Files Office, manu- 
facturer's number 455 and 455 respectively. We shall call the 
"area constant” the number by which the difference in readings 
of the area dial must be divided to give area in square inches, 
and "moment constant" the number by which the difference in 
readings of the moment dial must be divided to obtain the moment 
in square inches x inches. These constants were originally 
calibrated at the factory to be 50 and 25 respectively, but we 
found that small differences in the value of the constants 
produced considerable differences in the results, and decided 
to take a statistical average. The integrators were checked 
on different days, going around areas of different sizes and 
orientations, and the following arithmetical means were 


arrived at: 


Area Constant Moment Constant 
Integrator #1 49.60 24,63 
Integrator #2 49.55 24.89 


These constants were used throughout, At each angle five 
waterlines were chosen, spaced as described in Part II. The 
first integration was up to the lowest WL. the next then went 
between the lowest WL and the next one, and so on. By this 


method of "slices" considerable integrating time was saved. 
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Each waterline was recorded in a standard form, a sample of 
which is shown in Appendix D, The five waterlines corresponding 
to a given hull and angle formed a "book" and were calculated 
cumulatively, adding up the slives. The functions of areas and 
the quotient of the functions of moments divided by the functions 
of area, when multiplied by the proper constants (depending on 
the integrator used) gave the values of displacement and KZ. 

All this can be seen more clearly in Appendix D. Of course 

when we were forced to shift the integrator axis 1" parallel 

to itself (i.e. KG sin @ equal 1"), 1" was added to the value 

of the quotient in order to obtain KZ, 

Each reading was taken twice, and if the disagreement was 
more than 2% additional readings were taken until a consistency 
within 2% was obtained. When the difference in readings was 
below 100 we relaxed this rule somewhat, for we found that the 
2% rule was practically impossible to apply for very low read- 
ings: the instrument just isn’t that accurate, 

The sign of the moments is important. By always going 
clockwise, we automatically knew that decreasing dial readings 
meant plus moments (i.e. away from the track). Besides this, 
however, it is important that the position of the track with 
respect to the body plan always be the same, otherwise although 
the sign convention with respect to the integrator has not 
changed, the one with respect to the baseline or the centerline 
of the ship does change, and if this change is made in the 


middle of the process it can lead to all sorts of trouble, 
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In their thesis, Hubbard and Thompson mentioned that part 
of the lack of agreement in the use of their curves of KZ/B 
may have been due to inaccuracies in the method of lateral 
expansion, so it was decided to investigate this method thor- 


oughly to determine if its use was advisable. 


Analytical Proof. 


The method of lateral expansion was first used, to our 
knowledge, by Church and Robinson (Ref. 39); they did not pub- 
lish, however, an analytical proof of the method. Hubbard and 
Thompson also used the method, and gave a partial proof of it, 
We have therefore considered it worthwhile to include the fol- 
lowing proof, which we consider complete and general enough to 
apply to any ship form, regardiess of flare and shear, and at 
all angles of inclination. 

Figure XIV shows two hulls: (a) a parent hull whose cross 
curves of stability are available, and (b) a "derived" hull 
obtained by multiplying all horizontal distances in the parent 
by a constant C (which may be greater or smaller than 1), and 
leaving all vertical distances unchanged, We desire to obtain 
the cross curves for the derived hull without having to go 
through the complete integration process again. 

Suppose that we have a means of locating B, (this point 
will be elaborated later). Obviously if we can predict the 
location of By we can easily measure KoZ%p, the stability arm 


of the derived hull. Let us proceed as follows, WL] represents 
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the upright waterline of hull (a), and By, the corresponding 
center of buoyancy; WeLe and Bo represent the same for hull (b). 
Suppose now that hull (a) is inclined ©, degrees, and as a re- 
sult By shifts to B',. 8S,B, and S,B', represent the components 
of the shift of the center of eaeranes along the centerline and 
normal to it, respectively. We next measure dy and e,, the 
distances intercepted between waterlines in the line parallel 
to the centerline and passing through the original intersection 
of the waterline and hull. Lay off now distances do and eo in 
hull (b), equal to dj and e, respectively, and draw W'oL'o, 
which will represent an inclination of 92 = 1/C tan 01. Now 
measure the distance 5,B',, multiply it by © and lay it down 
as SeoBlto, where K,S, and KoSe are equal, We claim that this 
locates B'»s correctly, and that by then passing through B'o a 
perpendicular to W'oL's, and dropping a perpendicular from Ko 
to this line, the desired KoZoe is obtained (corresponding to 
angle Qo, of course). The proof is as follows: 

Let V, represent the volume of displacement of a slice 
of the ship, one unit long, measured into the paper. Equating 


the moment transfers about the base line, we then have: 


(Vz )(S]B,) = 3mzdy(d1/3) + gnje1(e7/3) 
(Vo)(SoBe) = gmodo(de/3) + snpeo(eo/3) 
But 3 Vou CV5 mo = Cmy, Ite = Cn, 


eg = 6) do = dy 
(CV])(SgBg) = 30m, d@2/3+ 4Cn, e9”/3 
af SoBo = SB, 
And KiB, = KeBo, by inspection 


:, KS, KSp «s«Q«. E. D.. 





Equating now the moment transfers about the centerline: 
(Vz )(S,B'y) = gm,d,(2/3 my ) as gn 1d, (2/3 ny ) 


(Vo )(SoB'g) * amndy(2/3 mp) = gNpdo(2/3n¢g) 


SeBlo 


; iu 


a C(SB';) Q.E.D. 


amen 


Observe that although triangular wedges have been used for 
Simplicity of presentation, the proof would hold at angles 
greater than the angle of deck edge immersion. Instead of the 
% and 2/3 associated with triangles we would now have some other 
numbers, but because of the way in which we have drawn the derived 
hull, these new numbers would be laterally expanded by C and 


would remain unaltered vertically, and we would arrive at exactly 


the same result. 


The Locasion of Bi. 
Tne previous section has shown that if B, is kmown, KoZe 
can be predicted. This prediction is not for the same angie 
or displacements as the parent, but the relations between angles 
and Gisplacements are known and the cross curves can therefore 
be drawn. We will now discuss how B, is located to start with. 
The method followed by Hubdard and Thompson will first be 
gescribed. It is based on the well known property of a curve 
of displacement vs. draft, that the area above this curve, 
divided by the displacement, gives the vertical distance bde- 
tween toe center of buoyansy and the waterline corresponding 


to the draft in question. A proof of this theorem is given 
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in Reference 2. Although this proof is for a ship in the 
mMpmeent position, the theorem is true for any inclination 
provided that "draft inclined" be read, that is, draft 
measured parallel to the centerline of the ship. When 
Hubbard and Thompson did their integration for KZ, they were 
careful to note what "draft inclined" each of their water- 
lines corresponded to, and were thus able to plot a curve of 
draft inclined vs. displacement, from which the second 
coordinate of By, can be obtained. The first coordinate, of 
course, is obtained from the known value of Ky2,, since a 


vertical (i.e. normal to Wy L)) line through 2, will contain By. 


Test of Hubbard and Thompson's Method. 

In order to check the accuracy of the above method, Hull 
#11 was integrated at 0, 10, 45 and 75 degrees, and cross 
curves of stability were drawn, Hull #11 is the block .60 
parent, with a beam of 10" and a depth of 5.69". We next 
integrated Hull -#12, which has the same block coefficient 
and depth, but has been laterally expanded to a beam of 12.8", 
at angles of 7°51', 38° and 71°04', these being the “corres- 
ponding" angles according to the method of lateral expansion. 
In this work, our accuracy was comparable to that of Hubbard 
and Thompson, and perhaps even a little better beacause we 
Spread our waterlines to cover a wider range of displacement. 

We then predicted the value of KZ at these three angles 
by the method of lateral expansion outlined above, In the 
measurement of draft inclined it is important to be consistent 


in the reference point used. We used the line through K 
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parallel to the waterline, and although this has the disadvantage 
of having “negative” drafts since part of the ship extends below 
this line, it is an easily defined line. The comparison of the 
values obtained by the two methods was disappointing, as shown 
by the following table: 

Inciination of parent es 45° 75° 

Predicted KZ for expanded hull .7080 Balog 52480 

Actual (integrated) KZ ~6950 el (41S) 6.405 

An investigation was tnen started to determine the source 
cf che inaccuracy. It was found that the location of B,, as 
uocated by Hubbard and Thompson's method, did not agree with 
that obtained by doing a second integration with the axis of 
the integrator in the line through K parallel to the inclined 
waterLine, that is, at 90° to the position for the determination 
or K4. Since we were reasonably sure of the accuracy of our 
integration and the method of using the displacement curve is 
mavhnematically exact, the only possibility was that the dis- 
placement curve itself was not accurate enough, Hubbard and 
Thompson had expressed that their doubts were due to the rela- 
tively few number of points at low drafts, and we thought we 
had obviated this difficulty by our spreading of the waterlines, 
having gone down to waterlines as low as 1" for 45° inclination, 
and -2" for 75° (Hubbard and Thompson's lowest was the 3" water- 
Line). Since even these low waterlines left a considerable 
portion of the curve to be faired, and a look at the physical 
pleture (with stations not only decreasing in area at a very 


rapid rate, but actually emerging from the water) hinted at a 





curve of extremely sharp curvature toward the end, it was 
decided to actually get points for the curve at waterlines 
spaced 1" apart all the way down to zero displacement. The 
results surpassed our expectations, The curve of displace- 
ment vs. inelined draft changed so radically in the low draft 
region that changes of as much as 10% in the area over chis 
curve wera obtained, with corresponding changes in the dis- 


Gance from the waterline to the center of buoyancy. By invro- 


Tn od 


Gueing tnis correction, agreement in the Location of By a2 
determined by the twe methods was obtained, and furthermore, 
with the corrected Lecation of Be the method of lateral 
expansion gave excellent agreement in the predicted as com= 
pared vo the integrated values of KZ. 

IS was therefore concluded that the method of lateral 


expansion was capable of giving predicted values of K@ for 


the expanded huli within the desired accuracy so long as 


Ca) 


a 


adequate steps were taken to maintain accuracy in the deter- 


mination or B.. We believe that inaccuracies of at least 10% 
were introduced for this reason in the lateral expansions of 


Gauecch and Robinson as well as Hubbard and Thompson, whicn 


e 


would aceouns in pars for the lack of agreement they found 

when they tried to predict the stability of actual ships. 
We decided that the method of integrating twice in two 

perpendicular directions, although perhaps a little more 


Laborious, had the added advantage of better accuracy and 


ease of checking (since there would be two independent 
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determinations of areas and volumes). Actually the method based 
on the displacement vs. draft curve became almost as long when 
enough points were plotted at the lower drafts. For all these 
reasons, the “double” integration method was therefore adopted 


an wos thesis, 





Oe 
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APPENDIX C. SUMMARY OF DATA AND CALCULATIONS 

This appendix includes: 
Table IV. Dimensions of Merchant Ships, 
Cross Curves of Stability received from the U. S. Maritime 
Commission. Figs. XV through XXII. 
Table V. Data for ships used in the comparison of Results. 
Summary of KZ and KZ/B from Series 60 as generated in this 
chesis, Table VI. 
Prediction of the Statical Stability by the Method of Hubbard 
and Thompson for the ships of item 3 above; Table VII. 
Prediction of statical stability from our curves (uncorrected) 
ger @hershipS of item 56; Table Vill, 
Calculation of points by the method of Ref. 42. 


Items 1 and 2, although they do not constitute data 


generated by the authors, have been included because they may 


be of use to future investigators. 
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TABLE IV. DIMENSIONS OF MERCHANT SHIPS 


Ae Other 


source jay B 
USMC Projected 595 80 
T5-S-RMZa 
"Pipeline" 

Ref.l Tanker "BE" 535 75 
Ref.2 Tanker "F" 600 82,5 
Ref.2 Tanker "G" 677 93 
Ref.i10O Tanker 480 65,2 
SSR*year 1955 630 86 
Dutch Tanker 

SSR 9-15-55 545 70,5 
Danish tanker 

SSR 9-15-55 S20 (ies 
"“VYenator" Swed. 

SSR Year 1954 721.8 95 
"73na Onassis" 

BMS"* aug. '55. 540 72 


Tankers 

D Ik 
44,5 54.75 
40,5 Olea 
42,9 51.9 
48.5 lS he, 
SSI ats) 28 
45 o4me 
58,'7o 29 925 
58 58 29 49 
Sie Seo 
Slee SOs 


H/D 


B/H 


Data 


-781 2,50 $1345 


- 784 


0749 


0754 


phe 
© 760 


755 


766 


9 Tao 


€ 802 


2,54 


2 ed0 
2eoLr 


£e49 


Ze0O 


ZEoo 


tons FL 
Cy, -698 
C5706 


C764 
C9770 


C,°'768 


31165%. 
16% kts. 


WSZ250G. 
15 kts. 


45750. 


4 16064 


Geyman tanker 


B. Full Scantling Cargo Ships 


USMC G4-S-A4 496 7225 
USMC EC-2 416 56 69 
"Liberty" 

USMC VC2-S-AP3 ASG.O  OoeO 
"Victory" 

USMC C1-B 595 60 

Ret.lO, S&S is~ 420 oT 

land cargo ship 

SSR=6-23-55 340 50 

"Balkis" Norw. 

SSR 9-15-55 456 


44.5 2,8 


O1¢0 le 


58.0 


O7.0 


54.5 


28.8 


28,5 


27.6 
25.5 


Coed 


62.4 38,2) 27.3 
LOE Xo sk) 5 5 


0758 


stag 


e749 


aoe 
740 


0774 


rar is) 


2209 


.714 2,28 


Cy 665 


C,, «760 
C,..987 


GC, .682 
Cy e691 


12875 &t. 


16.4 kt. 





Source 
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(continued ) 


C. Shelterdeckers 


Ipp 


B 


D 


H 


H/D 


B/H 


Other 


ee 


USMC "Freedom" 
Pro j.C2-S-RM1lSa 


USMC “Island 
ProjeCl-M-RM1L7a 


woaiic “Clipper™ 
Proj. C3-S-RM18a 


usMc "Seafarer" 
Proj.C4-S-RM1IVa 


USMC C4-S-la 
"Vaviner® 


USMC C2~-S$-Bl 
Ref.l “A"*Ship 


USMS CS 


RefelO ship 
Ref,LO ship 
SSK Year 1954 
BMS** Aug. 55 
BMS Nov. 54 
BMS Nov. 54 
BMS Nev, d4 
BMS June 05 
BMS June '55 


BMS Dec. 55 
M/S “orilla 


417 
500 
460 
494 
528 
435 
465 


tore) 
465 
595 
445 
421.6 
452 66 
262.4 
498 
450 
445 


65 
57 
73 
74,5 
76 
63 
69.5 


47 68 
62 
55 
62 
60 
58.6 
42.9 
70 
61 
62 


59 


Of 


41.435 


44,5 


44.5 


40 


42.5 


32 667 
4209 
0509 
40.1 


06.4 ° 


38 
27.6 
42 
3857 
40.15 


26 ae 


SL 


28 


29,75 


29,8 


25.75 


28 66 


Ceol 
276 
Le 620 
26 99 
LO 
261 
Diana, 
28.8 
£5 66 


26 95 


* SSR Shipbuilding and Shipping Record 


% BMS British Motor Ship 


680 
656 
.678 
669 
669 
1644 
672 


676 
644 
664 
670 
.687 
, 687 
648 
685 
687 


~6'70 


2 e45 


2o1l6 
2024 
2e47 
2650 
240 
Lech 
< 40 
& e485 
AOS, 


2200 


15550t. 
7960t. 

16900t. 
203550%. 


Cy, 612 


C625 


Cp e683 


Cy 69% 


Cy, «658 
Cy e670 


12.5 kt. 
16.25 kt. 


Canadien 


Danish 
BriG@sh 


USMC United States Maritime Commission. "Proj." means that ships 
are projects, have not been built yet. 


All depths of shelterdeckers refer to the shelter deck. 
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TABLE V. DATA FOR SHIPS USED IN THE COMPARISON OF RESULTS 


C1B L 395.0 L/B 6.58 Cp 689 
B 60,0 B/H 2,18 Cp 696 
H 27,5  $$4H/D “754 Cx »990 
D 37,5 Cw »790 
A 12875 

Cl-M-AV1 % 320.0 L/B 6,40 Cp HESS 
H 18.0 H/D 621 Cy .9925 
De 2080 Cy 828 
A 6879 

C2-S-Al3 L 455 L/B 6,91 C., ~682 
2 Go B/H 24S Cp »698 
H 25.75 #H/D 655 Cy 0979 
D 40,5 Ci «762 
A 135862 

oh ZL 465 L/B 6.59 Cp , 666 
B 69,5 B/H 2,44 Cp 678 
a 86 28, H/D 0668 Cx 2981 
D2 42.6 Cy wire 
A 17615 

ECZ-S-Cl i, 416 /B Oe Cz 745 
B 56.9 B/H £54 
H £4.37 H/D 2652 
D 37,53 
A 12280 

VCZ2-S- UG 456.5 L/B 7 O04 Cp 26735 

ReZ0CCBCOOOC«éB fH“ ‘é$eC Cp 6818 

H 88,0 H/D (737 Cx .9879 
i) 63,0 Cy qe (en 
A 14832 

TH yee L/B 7,00 Cp 0.698 
B To;0 B/H 2.56 
H 29,3 H/D Oris 
D250 
A 22600 

C4-S-la L 52 Cp 624 

(Mariner)B 76 B/H = 2,54 Cp 9635 
H 29,833 Cx .9825 
D 44,5 H/D = ,671 Gy 7446 
A 61,089 





e UO 
Bg D4 
2.50 
2.75 
3.00 


676 


TABLE VI. FINAL TABULATION OF KZ AND K2Z/B 


KZ 


ayers 
120 
826 
915 


2.00 §©»§©».a70 
700 
SSO 
3870 
»960 





» 60 


KZ/B 
067 
069 
067 
sO70 
wO7 






690 
Se 
320 
~o9) 


59 


oy & 
Hl NF 


RZ 
06 
069 
086 
070 
070 


Chua 


OY 
0.60 

»70 275 .80 

RZ KZ BRU ROS KZ RUB 

Bh. 8 069 » O95 B07 20. )) ee 
oe 6009 Gaur 07) @720 ~JC72 
efoo 069 74a 4070 .740 .069 
»818 070 .829 .070 .820 .O70 
0890 .O70 ,885 .069 .870 .068 
oe 70 

079 0D «80 








e et o™ 6 VT ® 3 070 
0070 2715 O72 710 (O71 . 768? 070 .960 070 
BOves*.770 FOU SEsO KOTO BIAS «G70 .740 FeOcS 
074 .848 ,072 .820 .070 .825 .070 .800 .068 
_.075 .9355 .073 .890 .070 .890 .070 .860 .067 
Cy = (3,80 
265 ao PUES: scOr 

KZ K2/B KZ KZ/7B K&  ~=K@/7B K2  K2/B 

2085 .06C 2.60 [O71] {680 JO7S 3620 S07 
O07 «O05 (070 $FOO 4070 oa = 2071 2700 “Fo70 
smi. .760 .071 .7%65 waOVe <7o0 3070 2760 [om 
oOfe «2655 .071 .850 ,.071 .8H8 .072 .815 .069 
2075 950 .073 .920 .072 ,910 .071 .890 .070 





= 20° 
Cy = 0, GO 
a aa 
B/H 60 ,65 o70 075 280 
; ; AZ KZ/B Ka KG/ KZ A4/B Ke eee 
moo 8,804 1159 LelLo> .240 L,e0e ~l4l D220 . ; 
oes 1,395 .159 1.400 140 1,400 .140 1.400 .140 1, wer 21358 
pepo }80s«d:«. 518 +4142 1,500 240 1.488) .189 Vege 260) 1.468 5.57 
2.75 1.670 142 1.665 .142 1.620 ,1S@0W,600 .156.1.880 .1ae 
2,00 1.884 .147 1.840 .144 1.782 "139 Lin 740 2136 1.650 .129 
= 0,70 
EyAall 60 wie 
zi R275 RRA KZ KA/B KZ 2/5 a7 
2200 C200 eL 40 £20 pid: eOkU eo Lt ® 
ee )60SfsC(«éddz« AAO ~.144 1,450 .145 1,415 .142 1,400 140 19 2 "139 
2,50 1.550 .145 1.520 142 1. oie 142 1.484 .139 1.460 shou 
7S 48«421.7#0 ,148 1.710 .146 1,660 ,2417 1.620 .138 1.595 .136 
3.CO 1.940 .152 1.895 .148 1.8390 ‘143 Te7T7O 4loe 1.700 ss 
C1, = 0.80 





TABLE VI. 


ee 


(continued ) 


: L e930 


Ss 185 

e415 
11535 
1.720 


old9 
eLl41 
144 
» 146 
L151 


1.42 20 
1 5289 
1,690 
1.873 


5142 1, 410 7141 1.410 141 16375 ,138 


(142 ego LO 
0144 1.670 
~146 1.860 


e141 1,495 
ot 42 1.640 
ott 1,770 


0140 1.460 ,1387 
ol140 1.560 1133 
e158 1.680 .131 





Sao 


TABLE VI. (continued) 


© 


DO 
if 


20 


0.60 


oa 
il 





ie a75 »80 
RES XE a6 RZ KZ/B 
: oo ead ak ie ‘ IO efi pi] Pe ieee 
oad 2. 090 .209 2. ee 2208 2,945 .805 2.010 .801 1.955 .198 
2.50 2.220 .208 2.220 .808 2.160 .202 2,100 .197 2,055 .192 


2-79 2 440 e203 E200 .204 2OHS 197 2.255 Boe 2.1590 .184 
SU an Ot te 209 2,610 .204 2.490 ,104 2.698 ,187 2.280 ,178 


aS ee a ee ee al 











A can RS pe on eee ceo 


Ch = 0.70 











H/D 
B/H = 269 S65 gO. wD BO 
K | fi) es ae __K2/B ae KZ/B 
¢ oe % ) 1 IS e 9 oe Se SoU nf i) @ Shee Te a ¢c ST 
Me )6 2460 216 2,119 .212 3,070 207 2.020 202 1.988 Les 
2,50 2.290 .214 2.840 .210 2,180 1204 2,140 .260 3,070 .194 
eo 286 2.550 oe 2.470 .210 2.360 .892 2.270 .195 2.210 .283 


CD we 






















ee00 2,790 218 3,675 .209 2.550 ,199 2.420 ,190 2,215 .181 
Ch = 0.80 
os ee ee eee rT oe ee So 




























ka 2/3 KK / BK KZ. Wa Kaze 
rg JO a. oS0 © és ee LG it f. a as oC C9 kG Al e SOU 1 Od coche whee a { wv! c AD 


meek 862150 “215 pe 115 sik 6n800 .205 2.Caw 220271 e970 .2C7 
O30 0 205 208 2.285 .2Z11 eee p98 2.160 -208 24065 .398 
ee ts 2.8615 .223 2.ee5 ch5 GekO) .2O9 2,550 .200 2,285 .129 
o<G0 2.950 ,e2oU ce BOO oe J (34300 a Gah i Da 8) “196 2 is 6 30) 








=702 


TABLE VI. (continued) 


Q@ = 40° 
Cy = 0,60 
- ‘s » 00 069 me (8) 542 280 
KZ A KZ Ne) KZ ae KZ KZ/B KZ KZ, /B 
ew et ew ili @= ef& d ° eS 


2.34 2.660 ,.266 2.620 .262 2,560 .256 2,505 .250 2.450 245 
£200 2.780 260 2.788 .261 2.680 .251 2.598 .243 2,510 .2d5 
2079 2,990 .255 2.930 .250 2.845 .242 2.730 .232 2.625 .224 
3 00 5e192 .249 3.110 .245 2.992 254 2.868 .224 2,750 215 


Ch ad O570 
: eee 
B/H «60 065 70 e75 ~80 
KZ KZ/B KZ XK2/B KZ XkKZ/B KZ k2/B KZ Kk2Z/B 
2200 e 3} e oo eal o Vu gai evo e ime) PERK Ae 


2290 2.890 .271 2.808 .2635 2.710 .254 2,640 247 2,550 .2se 
2475 6.105 .264 3,005 .256 2.885 .246 2.770 .236 2.670 227 


oe 


3,00 3,528 .260 3,180 .£48 3.055 .238 2,912 227 2.780 .2hi 


Cy ad O.80 


yA! 2 60 509 whe) ES) -80 


KZ kKZ/B KZ xkZ/B KZ XKZ/B KZ KZ/B KZ KZ/B 

e e e r on es em ie Bed efi l Saelo soe 8) 
Bees 92.1790 .279 2.700 .270 2.610 «261 2.545 .9255 2.460 246 
2.90 2,990 .280-2.880 .270 2.775 .260 2.670 .250 2.550 259 
eet 3,200 .279 5.145 .268 2.995 .2685 2.872 .245 O.725 .252 
oreo S650 4276 343570 .265 3.140 .245 5.012 .235 2.888 .226 





TABLE VI. (continued) 


6 * 50° 
Cy, = 0,60 
H/D 
B/H »60 ~65 7 0 oA! , B80 
KZ KZ/B KZ KZ/B KZ KZAB KZ K2Z/B JZ KZ/B 
¢ OO 765 524 2,780 526 2,720 ,518 2,680 ,514 <.640 .509 


2,54 3,052 .305 2,980 .298 2.940 .204 2.875 ,288 2,815 282 
2,50 3,150 .295 3,122 1292 3,025 .283 2,950 .276 2,860 ,268 
2.75 3,328 .284 3.242 .276 3.175 ,270 3,068 .261 2,950 251 


5 00 3.484 272 52094 265 3,500 '258 SelL70 .248 3,075 .240 


C, = 0.70 


A/D 
B/E 60 65 «70 75 80 | 


KZ K2/B KZ X2/B KZ Nhe KZ K2/a Ke  k2/B 
2,00 B.S60 ,f85 &,615 .550 2.70b Sed C.Ye0 ,Sle 2.700 ~o.o 
2,54 Svl46 5515, 8, 075 .308 2 ,985 .299 2,928 .293 2,845 ae 


Le .5O Oo ;270 0006 3, °190 299 Bs ,090 e290 3,000 .281 2 “910 Pare) 
275 3.440 .293 3.320 .283 3.235 .276 3,140 2-68 3 020 0257 






5 00 42610 ,282 3,465 271 0 e080 264 0,208 254 5. .120 os44 
A / 

B/H .60 ,65 70 75 ao. 

KZ KZ/B 

e007 2,840 6552 2,770 524 &.7 * sO Lo 


2404 3,195 ,O20 3,092 309 2.995 ,500 2,915 #292 2.850 285 
2,90 Oqoee ‘311 5200 .3505 #,130 ~292 &, O12 ;282 2.905 .272 
2-75 5,555 ,SO] 5, .408 e290 3,290 .280 5,155 .269 5,040 .259 


3 p OO Oe "708 9290 3,590 280 3.405 ,266 5,280 .288 3. “170 248 





H 
B/H 
e OO 


Bot 6.585 4539 3,295 
2.50 3.460 .324 3.388 
2y75 3.600 .307 3.495 
@m00 5750 .291 3.840 


D 
60 65 
KZ, Kz/p KZ Kz/B 
SelVO 2.7L OaleoO .o00 Be 


289 3.428 .292 


~-72- 


TABLE VI. (continued) 
9 #» 60° 
C,, = 0,60 
7D 
B/H «60 » 65 ie one 280 
KZ KA/B .KZ K4/B KZ KZ/B . KZ KZ/B KZ KZ/B 
2,00 5-000 ,507 3,040 .556 2.995 ,551 2,968 ,548 2,920 ,d4e 
2-04 Seooo ae6 6,200 .520 5.170 .517 S.120 $512 B,060 7505 
4200 3.502 .514 3.500 .509 3.2352 ,305 5,175 .297 3,100 2290 
2479 5.490 ,297 3,410 .290 3,555 .286 3,270 .279 3.170 .270 
oe00 oeeeoe ,ooe $.040 .276 S470 271 3,660 $862 3.275 4.296 
Cy = OO. 7O 
H/D 
B/H sao °65 ge ae 280 © 
R27 B KE KZ RD ne ee ee 
Paes cs qV0 42 wa G * O° e ew e otlO 
£54 SweDOweooo OFe9D peloU Sysco .625 SeIee Sls Sollee 
2eD0 Bree 024 6,090 wiolS S4450S (510 3.260 , 506 3.160 wold 
2eTD 6.0995 .506 3.480 .296 3,428 .292 5.352 .286 3,250 277 
300 Be7L5 .£90 3.590 .280 3,550 .276 5.430 ,268 5,550 ,260 


o89 


KZ ee 
e » @ 4) 
O15 3,080 .308 
3,215 ,301 3.125 .293 
BR, 262 S¥ece sare 
Soto «20! OsOleme cog 


» tO Pt?) 
KZ KZ/B KZ KA/B 


4 
2330 3,215 .322 3.145 


,17 3,300 ,309 
.284 3,520 ,275 





TABLE VI. (continued ) 


Cy = O,60 


ST PS 


D 
B/H A) 065 s 60 tks) e&C 


oo an 6 


KZ ee KZ K2Z/B Xz ee KZ Ze KZ, KZ/B 
2,00 Digits SOTO WS aly 36 ~OOS OeLLO oot 
meet 863 375 9058 3. 318 0332 3,280 ~588 3.260.,585 S.208 ce) 
2.50 By us: 320 Sey 316 Tyee 11 3 9285 4508 3,235 .SC5 
Pas:«i«‘SWGOGH 299 3,456 4294 5.410 290 3.345 "285 3.290 280 


3,00 3,640 ,284 3,580 .280 3,515 .274 3,448 .269 3,360 26% 








Kee KZ/B KZ K2/8 We Ke/e i i S ne 


EyOO 830s «S280 2534 3.24 O79 5.228 aoy oe. Wao, 
Zz god 54420 apt ee Gi al, 308 Ae ae AGS or -300 ore. a 30 "BO8 
£00 00498 .628 3.440 .o22 54588 eo 3,540 e013 3.290 5508 
celd $.600 ,307 35.510 .299 5,475 .2<96 3,415 5891 8,090 .285 


5,00 0,675 ,2<87 3.580 .280 3.550 276 3,468 e271 5-410 1265 


Cr, = 0.80 








60 65 70 75 80_ 


KZ _KZ/B KZ  KZ/B KZ  KZ/B KZ  KZ/B KZ K2Z/B 
2,00 39515 S08 3500 .O0e SeeLO —S78 SeldD ,009 Oa ao. 
2.34 3.420 .342 3.568 .337 3,508 ,331 3,260 .526 3.215 .322 
2,50 3,485 .326 3,420 520 3,560 .315 3,298 .509 3,255 pa 
2,75 3,555 ,303 3.485 2 297 3.440 .293 3,360 .286 3,502 ,282 


5» 90 6,695 ,285 3,600 ,.£81 5,520 .275 5,440 .269 3.3555 .26 








=) Aw 


TABLE VI. (continued ) 








G w (Ser 
Cy = 0.60 
H/D an a aa OS RG Gane cae 
B/H 260 265 70 075 80 
KZ  KZ/B KZ KZ/B KZ KZ/B KZ Kk2Z/B KZ cde 
«V0 OeLOD Pac L 54260 sh ya) om ma oe T5580 Ks a) aor 7 oe aie) lt 


£234 32045 4555 3,530 9355 Stas 1529 Seoto 5328 02200 aes 
2,00 Seole 9516 5.555 .514 3.305 510 5,295 .509.5,.280 Sor 
me 75 Oet0e 6290 5.595 .289 3.350 2235 3, Oe sae e208 gab5H 











2,00 Setooeneve 5.008 BVA 250 6268 3,400 .266 3.050 .2Su 
Cy = Ono 
H/D 
B/H 60 .65 70 oe 0. 


KZ K@/B KZ KS/B KZ #£=K2/B KZ 


Go St SS eee 





a4 0)®) 3.08 SOO 59288 meen ae See re g0v3S5 By 240 MES) Oe 250 T65 
£24 Oe018 4558 5.550 6855 5.532 853 3.510 ,S551 3.290 ee 
2e D0 32420 .520 5.585 a DesOU Ball Oe 0o ante 5508 {SLC 
Let D Set WO) GeO SW425 1292 SahO4 (290 3.579 2287 3,060. .284 
3,00 3,510 ,274 3.460 ,270 3,420 .267 3,395 .265 3.565 868 
H/D 

B/H 60 .65 .70 .80_ 

KZ  K2Z/B KZ  K2Z/B_ KZ a KZ B KZ  K2Z/B 
2.00 SIPEG: eo Deol: Pes Ke Oe seu) 7G a gel . Oe LeU Rising 


2,04 Se000 2699 5.825 1.585 35.290 529 02250 7326 Sec40 .On8 
2.950 5.090 .$18 5.350 .314 8.310 S10 3,282 308 Deed ~o0e 
2675 9e415 .291 3.580 .288 3,350 285 OMeOUS 4254 Osco mec’ 
3 «00 Pee eek Og400 WeOO 564038 7200 6,600 .26r S.Or0 Geo 





TABLE VI. (continued) 


9 &e Go 


Cy a O,60 





-_— A Sf SE so = Sa lee 6 SEES Ge SO gp » ew tee cee ES ee oe 


H/D 
B/H 6G 085 aes LEG: ou 


ee ee ee 








A ee 


KZ ae KZ KZ/B_ KZ —OK2/B OZ ~—OK2/B KZ ——COKZ/B 
fe 5ae00 Se E16 sO Lo LUO GOT ait @ ln (OnOMenOLc i) 


ROL. BteeO Bbec0 56.4216 2.321 4,280 “220 Soe 252) 30 we 
£200 Bee OO woO0 S.226 oll 35.200 £200 3.210 60) Sie 2.2 
aero Smo mee Oo B12 6 a, Sew lO Oe Ome ote 3230 ol & 
3.00 6 600 200 4250 3 Se2l6 6330 3.290 .250 3.210 .251 3.420 .a5l 


EO DY LE OF ae a 








3! 


Nn 








wer wee 








GO, = UefG 
H D me ee ere ee eee th .. a ee gee ee ee eS a eS 
B/E ¢ 60 Pe eee eh ee me a) 








7 KZ K2/B KZ K2Z/B KZ K2Z/B KZ <xK@/B K&% K2/B 
S700 3.840 0379 8.988 0279 S280 378 3.250 377 S280 LF 
2.54 3.240 6324 3.258 824 2.950 1323 5.220 .322 8.220 .Htl2 
2200 S240 9504 5.258 65U5 HNO .505 3.220 .502 3.220 0 A08 
2.75 34240 276 3,238 .276 5.280 875 5.220 ,274 3.220 .Sf4 
3.00 SaesO «edo Ssyess 253 Seis Geos 5.220 eel 3,220 ood 


eee me ee AON. 











ff sie f; ay “"’ 
‘es = . ES 8 ami W) 
nd 


Se al 











va | 
B/H 660 665. ae nus 680 








KZ XKZ/B kz RE, /B_ KZ <2, /B KZ KZ/B KZ KZ /B 

2,00 ek Sonos OO er Soin eT) oY. Selo orl 

2-34 3.185 .319 3.180 eer e825 517 3.170 et $,.165 32.7 

2,80 3.185 .298 4,180 .£98 3.472 .297 3,170 .897 3.165 3296 

ey: $2185 271 S180 .271 3.172 1370 3.370 J270 3.365 .270 
3 


3900 e185 2.249 5,180 248 3,172 .£48 3.170 .248 69 aa 


a 











ne Kees 


TABLE VII. 
PREDICTION OF STATICAL STABILITY BY METHOD OF HUBBARD AND THOMPSON 


mee eS el ee a! ee ae ee ee es bee SS = ee Ss = = Sas —— SS Se a ee Sea 


Ship USMC "VC2-S-Ap2" C, 2682 

B 62,0 D 38,0 __ H 28.0_ Sen S, 6.0 
Shear correction. - De = — » Co +D = 245: 692) +38 = 39.15 
Corrected H/D .715 | Corresp. C, correction _.976 


Corrected C, = (.682)(.976) = _.665 Corr.D/B _.631 


Assumed KG used in cross-ceurves 20! 





as KZ/B for D/B 6 at 
) als: HD eats. A/D ae 8 j seme a 


K2/8 for D/B=.62 





15 Aas yailee yas wl 0118 L118 
30° 214 19" 9222 e222 e210 ~220 
45° 265 »220 6258 6295 276 6292 
60° ,295 277 ,292 6341 2325 389 
75°  ,%00 6290 0899 2366 0 S49 » S58 
90° 285 285 2285 350 6349 2550 


3 K2Z/B for D/B =s651 KZ KG sin 9 GZ 


15 116 Tl D 5,18 eal 
30° 6219 15.58 10.00 3.58 
45° ~289 1? 91 ee! 3.77 
60° 2335 20.79 1762 3.47 
75° ~354 21.96 19,381 2465 


90° 345 $1.40 20.00 1.40 





a Al 


TABLE VII (cont.) 
Prediction by Hubbard and Thompson 





Ship USMC C1-M-AV1L C, = ./68 
B = 50.0 D = 29,0 H # 18.0 Sp = 5 S, 53 

s Sf+ Sa 5+¢ wai 
Shear correction. De, — CraieD 2 a. (,765) + 29,0 = 30.0 
Corrected H/D = ,.60 Corresp. C, correction 1,009 


Corrected C, = (,765)(1.009) = .772 Corr, D/B = .60 


Assumed KG = 18,0 








D/B= 0.52 0,64 0.60 KZ KG sinO GZ 
6 #8/D= 0.6 ot ne 
5 21.20 ly 2118 5,90 4.66 1424 
30° 1260 »230 250" 11386 9,00 2.50 
46° 801 fous .507 16),36 1,72 2.65 
60° oils 2358 ,584 17.86 1575@9 1,62 
vaste ont 2370 550 »=6 17,50 17.38 212 
90° 284 6345 325 16.25 18,00 —1.75 
Ship USMC C4-S-la (Mariner) C, = .655 
B = 76.0 Die 4455 H = 29,833 Sp 211.0 S, = 5,5 
Shear correction. OD, = ss D = AEE Se) 635) + 44,5 = 46,0 
Core. H/D = .65 Corresp. Cp correction .992 


Comp. Cy = (.635)(.992)= .630 Corr.D/B =.606 Assumed KG= 28.0 





| D/P ; eT rer ae 
G Hye 6.60 sre 60] .60 “Ki 060 | KZ/B K4 KG sin 9| GZ 
Sig st oe I112|,113 4095 2a | eS Sese 7¥ed. |r 5s4 
30° me Pomecie2191.225 geese .2e0 | seee Leree 14700) 2-0e 
45° ©288 A866 .277|.508 .296 .302 | ,294 22,36 19.80/2.56 


60° POLY meo5 Y506|.555 .342 .348 | 4594 25.40 24.22]1.18 


 ,oa2_ 





=/h= 


TABLE VII (Continued) 


Ship USMC EC2-S-cl Cy = 976 
B= 56.9 D = 37.33 HW24.57 Sp 29:2 Soe 5.8 

- %Sf+5Sa 9.2+5.2 = 
Shear correction. Dp = —g-—= Cp+D = =p —"=(.76) 457.53 £59.15 


Corr. H/D = ,623 Corresp. Cp correction 1,001 








Corr, C, = (.76)(1,001) = .762 Corr.D/B = .688 Assumed KG = 21 
D/B @ .64 °° #z2D/E JU B=.608 KZ KGsing 
Eu/D 60 iO..026  .60 «70 .one 
15° pete ave .176 125 .127 .118 .116 6l6e. Seeee 1027 
BOs S260Nnee> .251 242 EONS 44 .2aGh1s.e7 A ps50 w2.77 
45° col .295 .509 .552 .555 .552 .3527 18.08 14384 35.18 
60° .358 .338 .353 .435 .425 .432 .367 20,87 18.18 2.59 
75° .370 »555 ,366 .480 .475 .478 .3587 22.00 20.30 1.70 
90° 520 .344 .326 .485 .482 .484 .355 20.20 21,00 -.80 
Ship USMC C3 Cy = .678 
B = 69,5 D = 42.6 H = 28,5 Sp = 12.0 Se = 6,5 
Shear correction. De. - oe Cot D ati TEs? ( 678) 4+ 42.6 B44 .69 
Corr. H/D = .638 Corresp. Cp correction 996 
Corr, Cp = (.678)(,996) = ,675  Corr.D/B = .643 Assumed KG = 24 
D/B =. =.90 D/B=,643 KA KGsind GZ 
me Or : oan 
15° se 1S SRA” .17579.1235 .118 4114 Teel eyee DE? 
Z0° (02 882) 225 .239 .260 .245 .2825 W586 12.00 3.65 
a5 ° pone 2oon 504.550 .555 551 .SOSN21520P16.97 4925 
60° sose .540 .580 .455 .452 .454 .351 24.40 20.78 35,62 
18° .575 4560 ,568 4484 .477 .481 .569 25.62 23.20 2,42 
90° -352 .549 .550 .493 .490 .492 .352 24.46 24,00 _ _—.4é 








TABLE VII (cont.) 


Ship USMC 1B GC, # 696 
B * 60.0 D = 37,5 H= 97.6 Se= 996 8, -4.e 


Shear correction. De * ——— p +d = SB e402) 696) 437.5 =58.99 


Corr.H/D *.'705 Corresp. Cy correction = .978 
Corr. Cp = (.696)(.978) = .680 bois « ,65 Assumed KG # 21! 


re te! a B@,.605 KZ RKGsaine GZ 
Bo H/D .7 Sg eB tT "(ae 
5° 0S. eo, lie *J24 


O 


00 geese efhO .221) 4250 


45° .295 .275 .294 .353 
60 ~540 .323 .339 .430 


15° 359 .347 .358 477 


90° 2350 .347 .550  .488 | 


Ship USMC c2-S-BI 





B = 63.0 De AOnS H ) 

Shear correction. Dee =£t 72 c+ = 2207810) 98) +40.5 = 42.38 
Corr.H/D = .608 Corresp. &, correction = 1.006 

Corr. C, = (.698)(1.005) = .702 Corr.D/B =.$72 Assumed KG = 20! 

—_— | hCt™té“‘éi ES = 5d DB | Sony Ee ae 
0 H/D .560 .70 , 330.70 508 KGsine GZ 

oo ne 6 22@ 61159. .115 ,2e2] .1WOP 2115 7922 5.18 2.64 
30° 6228 .223 .228 .240 .850 .241 .229 14.43 10.00 4.43 
45° .311 .295 .510 .350 .352 .350 .315 19.83 14.14 5.69 
60° 6356 .340 .355 .455 .4530 .435 .355 23.00 17.32 5.68 
73° sove .6598 .371 .462 .476 .482 .395824.,76 19.51 G45 


90° .350 .548 .350 490 .487 .499 .578 23.80 20,00 5,80 





=-B0< 


TABLE VII (cont.) 
Ship USMC T-3 C, = »702 


B= 75.0 D=# 39! H=29.3 Sp38 Sg ™4 


Shear correction. Do ene TOE D 2 - +(,702) +39 = 40.4 


Corr. H/D * .726 Corresp. Cy correction .973 
Corr. Cy ~ (.702)(.975) = .683 Corr.D/B = .538 Assumed KG = 24 


0 VAle ag 3) a D/B® 538 
uy ——— 710.80. 76 mE wo co  e maetnio . 


eee ee ee oe (OS ONG re ee. 


15° 2115 .115 ,125 .315 .119 .116 .2325 8.62 6.22 2,40 





Oo "a = c cyt " 7 o °? 
30 6215 .197 .211 .222 .210 32819 .212 15.90 128090 3.90 
45° 6265 .245 .260 .295 .875 .290 .264 19.80 16.97 2,85 
60° 294 .275 .289 .540 .324 .#56 .896 22.20 20.78 1.42 


70 6298 .288 296 .360 ,d48 7357 .605 22.88 25ye0 -458 


@) = ? ad ae bs Fae Ta “~ r% -. * 
90 6285 283 .285 949 .548 .349 (295 22,14 24,00 -1,26 





2G lic 


TABLE VIIT 


PREDICTION OF STATICAL STABILITY FROM OUR CURVES (UNCORRECTED ) 


Ship _USMC_"VC2-S-ap2" Cy yess. 
B 62.0 D 38,0 H/, 2850...» «B/H Weeee =) H/ Dir 


Agsumed KG used in crossecurves < caCet 








es <7, eS <5 | 
ae Ch om 
e a) of 0 GN 5 a 














10° eC .) 70 e oe Ce Oy QO uh Cc jah a 2 iF oud 
200 guns) ott J. oan a}. Se. See iv " Ox) 
3o° 6205 "B07 Bis 12,34 10,00 2&4. 
































40° 258 Aceh BO 18.285 12 87 me 
5G° 298 > BO4 02 13, "2 15,82 8 AO 
60° 2527 e580 9 BEY 20 40 ae Boks! 
70° gL 7346 245 2 ae 13560 2 84 
80° 0326 253 0 Sai Sh HO 19.70 1 BO 
90° 6509 pate oe O78 OOO L.3 
eb eee rt ee ete tell Ae a ao Se ee Zo 
Ship USmMc "Ci-M-Ayi" Ce = eGo 
© D _29.0 Hote) Beh eee ype 
Assumed KG in crosse-eurvyes ist 
naa _o. ay 2D, I CS OED SE STC TEES A ST TL Ae a i ite Ee ng 
a a 72" KZ RO sin @ és 
ee a Snes meen ee ee ee ee ee ae eee fo ie Ba) (See ee 
& C Ge 
= & 4 
xb rete pad +2) 
a 0 a) of ed ve ae | ; bee . 
) ati eee. - : 
10° mare scr 278 ra 5 BLS ae 
20 9 Lt? 146 oe rT 80 B13 Logit 
O — Pee mol 
30° Py" eS o Bie? ° rs LQ & iO Gg e" ww we O OO) 
405 3259 ae ara 13,50 72.58 nn 
50° S2R7 6297 male "AS 12.78 one 
60° 201 .303 6 SO2 16.20 15.58 = ,48 
70 » 301 9500 » 50D 5.00 16,90 -21.90 


ax 
Ro 
oad 


L 
15.¢ 
80° 291 28% 2289 14.4 
90 e272 -268 27 L 9 


= 


17.70 -5,25 
50 18.00 $4.80 


ae SR GRR 











~G2= 
TABLE VIII (cont.) 
Ship USMC C4-S-la (Mariner) Ch = .624 
En 76.0 D 44.5 H 89.855 B/H 204 Hohe On! 





Assumed KG in cross-curves 28,6 


x) Ke 75 RG KG sin 9 GZ 
Ch b Ch 


05 raed S24 

















z0° 0 O70 OVL wT a 4.85 546 
20° Ades. AES o 140 10.64 9,57 1.07 
30° P20 g2OT7 9204 15 oo 14,00 1.59 
40° ~253 a7, 254. 19.4 50 18,00 1 RO 
50° »285 2292 286 er" ee 
60° » 304 Pcuial 0306 oe 

70° eS, 516 sane Be 

80° °508 0312 809 2% 50 
90° -296 298 2296 22,50 


OE Oe Ce eR le ee eee ee ee ee 


Ber 
a ° 
io ~] 
of ae 

3 3.09 00 

mds ee 
9% & 
0G 
tos 


CS 
OD 
° 
Gla Ole 





Ship USMC EC2-S-Cl | Gy = .745 
B 56.9 Du orrie. H 24537 B/H 2204  H/D 625 





Assumed KG used in cross-csurves #1! 


@ KZ/B KR KG sin @ GZ 
bs D 


aif »8 








® 
~IC 
cn 





ae ee ee 


AO} O70 5070 O70 op o8 4,64 , a4 
20° ae 0148 oL42 3,07 7.18 ~89 
30° ees 4215 LL Lei 10.50 ae 
49° 270 276 ES 15.52 Leo Lieve 
O° 2OL2 0317 2324 17.87 16,08 re 
60° foos neOe 2333 77 4. 18.18 v6 
70° met @) 340 340 IS Says 19.7? - 57 
B0° 337 2355 BBG 191k 20.66 toe 
Poo? 524 O18 oe 12.26 21,90 -2£.,74 











~83- 


TABLE VIII (cont.) 


Ship _USMC_ "c-3" Cy = .666 
B 69,5 Dre 220 H 28.5 B/H 2.44 H/D .668 
Assumed KG used in cross curves 243 

a v. B KZ KG sin 9 GZ 

b b b 
6 oT 666 

10° 070 O70 ',070 -4,86 4.16 70 

20° 139 2142 4d 9.80 8.21 1.59 

30° 0204 .208 207 14,40 12,00 2.40 

40° »255 261 ~259 18,00 15.42 2,58 

50° ~289 298 .295 20.50 18.38 2.12 

60° 0312 2319 0317 22,06 20.80 1.26 

70° 320 326 B24 22,54 22.57 ~.0O3 

80° »320 ~322 321 22.30 23.62 <-1.32 

90° 2308 »310 ~309 21.48 24.00 -2,.52 
Ship USMC Cl1B Cy = 2689 
B 60.0 D 37.5 H 27.5 B/H 2.18 H/D _.734 


Assumed KG used in cross curves 21! 





Q | RY. 7B KZ KG sin @ GZ 
6 7 689 
10° O70 069 069 4.14 3.64 ~50 
20° 0141 0141 ,141 8.45 7.18 1.27 
30° 2207 209 »209 12.55 10.50 2.05 
40° 0260 264 0264 15,84 13.50 2,54 
50° 308 309 508 18.48 16.08 2.40 
60° 2329 0337 0336 20.18 18,18 2.00 
70° 345 0351 .350 21.00 19.72 1.28 
80° 0351 0354 2054 21.22 20,66 056 
90° 0345 0347 .347. 20,82 21,00 -.18 





“G45 
TABLE VIII (cont.) 
Ship USMC C2-S-Bl G, = ,682 


B 63.0 D 40,5 B/H 2.45 


Assumed KG used in cross curves 60? 





“ 7 G Sin Z 
om Cy C 
.6 7 682 


nO” 069 O71 OTL 4 47 347 
20° .140 2143 0143 G00 6,84 
30° .207 ae Peel 14-80 10.00 
40° 261 266 2285 15.70 18.87 
50° -283 6305 BOL 18.96 ibtae 
60° sens OL (286 Bec 17.32 

TAG a 323 232 B28 265 18,80 
80° Bel oes 323 20.6% 19 "0 





2 
ae 


o 
~ es 
wt a ® 


~ 
@ 


& 


6 > 4 2 
3 (O66 Ss So 
Ge) © ws Gi © Gi © 


he! DO GIS SNe 


Ship USMC T-3 Cy F «695 


ES 75,0 D 59! H 29,04.  B/H 2.56 H/D _.750 





H/D 655 _ 








Assumed KG used in cross curves Al 

a Pike KZ The snes aes 

- i a a ee a 

a Res. — 

io? O70 070 O70 5.25 4,16 1,09 
Z0° .158 “139 »i5S 10,42 8,22 ain 
30° 2195 2198 198 ease 12400 2.85 
40° .240 1242 1242 18,15 Loeae 2.73 
50° 2273 2278 2278 20,82 18.53 2 dé 
60° 6293 .299 299 OG 2 Bon0 1,62 
70 B02 307 507 25 02 20 59 945 
80° , 303 307 307 23 08 25.82 - 30 
90° 2293 295 2295 2224 24,00 1.88 





Boa 


Sf iw cebes inf ia Ce =~ Re 


As mentioned in Section IV, Ref, 42 allows the prediction 
of GZ at a few angles. Where the H/D fell within the permissible 
range, or just outside, the following calculations were done and 


the points plotted as circled astsrisks in Figures XI and XII. 


c1-3 
C= .689 H/B = ,458 H/D = .734 F/B = 10/60 = 167 
20° H/B = .45 
0Z/B = ,0086 OZ = .0086 x 60 = .516 
KO = 0.4B = 24 
KG = 21 
OG sin @ = 3 sin 20° = 1,026 
GZ = 02 + 0G sin 8 = .5164+1.085 = 1.542 
30° 4H/B 045 ao 0458 
02/B 2O1L5 SOlee) qolas 
oZ = .0155 x 60 = 93 
3 sin 30° = 1,50 


GZ = 2,45 


C1-M-AV1 
Ch = .759 H/B = .36 P/B = lise = 22 
20° H/B 635 40 636 


0Z/B 2020 008 0095 
0Z = .0096 x 50 = ,48 

KO = 0,48 = 0.4 x 50 = 20 

KG = 18 

OG sin 9 = 2 sin 20° = .684 
GZ = .480+ .684 = 1,164 





Cl-M-AV1 (continued) 


30° H/B 735 «40 »36 
0Z/B = .0260 .0190 .0246 
OZ = .0246 x 50 © 1,23 
cen sO) = 1,00 
GZ, = 2,23 
c-2 
C,, = .682 H/B = .408 F/B 2 14,75/63 = ,234 
20° 4H/B .40 045 2408 
0Z/B = .0080 .0088 # ,0082 
OZ m .0082 x 63 = ,516 
Ko = 0.48 = 0.4 x 63 © 25.2 
KG = 20 
5.2 sin 20° = 1,78 
GZ= 1.78+ 5516 = 2,296 
30° H/B 40 045 »408 
0Z/B = ~».019 ,018 .0188 
oZ = .0188 x 63 = 1,184 
Beer sin oO” = 2.600 
GZ 23.704 
EC2-S-C1 
GC, = .745 H/B = .427 F/B = 12.96/56.9 = .228 
20° 4H/B .40 p45 ee 


02/B 008 ,0086 .0083 


“OZ = .,0083 x 56.9 = .472 
KO = -4(56.9) = 22.76 
Me = 21 


1.76 sin 20° = ,602 
GZ = 472 +.602 = 1,074 





EC2-S-Cl (continued) 
mO- #H/B o40 45 2427 
0Z/B .0194 .0190 .0192 
OZ = .0192 x 56.9 = 1.092 
1,76 sin 30° = _,.880 
GZ = 1,972 
C4-S-la Mariner 
Cy = 624 H/B = .394 F/B = 14.7/76 = 0.1935 
20° 02/8 = .0108 OZ = 76 x ,0108 = .82 
OK = .4(76) © 30.4 
KG = 28 
2.4 sin 20° = .82 


GZ = 1,64 
30° 0Z/B = ,0190 OZ = 76 xugOlGO = 1,445 
2.4 SineoO- \ = lec oo 
GZ = 2,643 
VC~2 
Cy = 06735 H/B = .45 F/B = 10/62 = .1613 
20° 02/B =# .009 OZ = ,009 x 62 = ,558 
KG = 20 
KO * .4 x 62 = 24.8 
OG sin 0 = 4.8 sin 20° = 1,642 
GZ 2* 0Z+0G sin @ = 2,200 
BO” 02/8 = .015 OZ = ,015 x 62 = .93 
4.8 sin 30°=2,40 
BASS 
40° og = .024 0Z = .024 x 62 = 1,488 
4,8 sin 40° = 3.090 


GZ = 4,578 





20 


50° 


Cp = -666 H/B ® .41 F/B = 14,1/69.5 = .203 
H/B ~40 45 al 
0Z/B .0082 .0094 #00844 
OZ = ,.00844 x 69.5 © .586 
KO = .4 x 69.5 = 27.8 
KG = 24 
3.8 gin 20° = 1,300 
GZ = 1,886 
H/B »40 AS 341 
0Z/B o0164 .0160 # £.01632 
OZ © .01632 x 69.5 = 1.135 
3.8 sin 30° ~e) e 
GZ = 3.035 
Cy 2 .693 H/B = .391 F/B = 9,7/75 = .1293 
H/B Bots 049 2591 
0Z/B 00094 .0080 .0083 
©6Z @ .00G3 & 75 = cae 
KO= 0.4x75 =30 
6 sin 20°" 2,052 
KG = 24 ae 
GZ = £.674 
0Z/B = .016 of = .016 x 75 = 1.20 


6 sin 30° = 3,00 


GZ = 4.20 
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APPENDIX D. SAMPLE CALCULATIONS 


For Volume of Displacement and Stability arm KZ for Hull ll 


at 45° up to l"WL, S = Station Spacing = 7,5" 
From Table X 
f(A) = 8301 f(M) = 12,989 
A, = 28/3 /f(A)7 Integrator Const. for area/ 
A,= 2(7,5)/3 /8301/7 /1/49.55/7 = 837.57 inches” 
KZ, = 2/3 S/f(M)/f(A)//integrator const. for moment 


ntegrator const,for area 
KZ, = 2/3 (7.5) /12,989/8,3017 /49.55/24.897 = 


5(1.5648)(49.55/24.89) 
hay =" 5.1152 inches 


For the slice 1" to 2" 

f(A) = 4,766 £(M) = 6,309 
Ax = 28/3 /f(A)//integrator const. for area/ 
Aye = 2(7.5)/3 /4,7667 /1/49.557 = 480.89 inches® 
Ae = At A= 837.574 480.89 = 1,318.46 inches® 
2 f(A) = 8,301+4,766 = 13,067 
> f(M) = 12,989+6,309 = 19,298 


KZ, * 2/5 (7.5)/19,298/13,067/ /49.55/24.897 = 2.940 inches 


Identical calculations were carried out for each sheet of 


integrated data. Table X and Table XI are samples. A summary 


of all such work is in Appendix F. 
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Table XII is a sample of the data which results from the 


lateral expansion. Figure XXIII is a sample of the graphical 


process used to get such data. As this method is completely 


graphical the only calculation that is required is for the 


corresponding angles. This is given in Table IX. 


TABLE IX. CORRESPONDING ANGLES FOR THE LATERAL EXPANSION 


(2 Se, ae LR ll eee oe 


4 
tangent @5 = € tangent 97 









tangent 9 
Q4 2,02, 15,53, 14 Sty TE 86; TES; ISS, TE TE TBS, 
52 53 54 
Ho-}0.1765 | «1377 .1652 .2064 .1502 7°50' 9°23! 11°40! 8°34! 
20°10.3640| .2844 .3411 .4262 3102 15°53! 18°50: 23°05! 17°74! 
30°10.5774| .4511 .5411 .6761 .4918 24°17! 298°251 34°04! 26°11! 
45°/1,0000| .7812 .93572 1.1710 .8518 38°00! 43°09! 49°30! 40°26! 
60°] 1.7321 {1.3532 1.6233 2.0282 1.4754 53°s2! 58°22 63°45! 55°52! 
75°| 53,7521 2.9157 3.4978 4.3701 3.1790 71°04! 74903! 77°07! 72°52' 








aon 
TABLE X. INTEGRATION FOR KZ 


AREAS AND MOMENTS OF INCLINED SECTIONS 


gna eee GEE a a ee 


Hull No. 11 WL & Up, to 1” 
Integrator #2 Axis through G, KG = 0".0 Q@ = 45° 
Sta- Star nis ir.o.M. Finish Diff, S.M. f(M) 
tion re ee ee 
O O O Oo 1/4 O O 0 Oo 1/4 6) 
4 1664 1710 46 21 45 9419 9404 15 i 14 
1710 1754 Ad 9404 9591 ae 
1 1754 1858 104 3/4 78 $891 9844 47 3/4 34 
1858 1962 104 Q544 9809 44 
2 1962 2291 3289 2 637 9399 8990 310 2 66a 
2291 2619 328 8990 8679 311 
S$ £619 3310 691 L 692 28679 7865 loO14 1 1024 
$310 40035 693 7685 6642 10835 
4 4003 4928 925 2 1854 64642 5955 1589 oy Sarey 
4928 5857 929 5053 $8465 1588 
5 5857 6839 982 1 985 5465 1767 1698 1% E700 
6839 7823 984 L767 0065 i702 
6 7823 8786 965 2 1923 9065 as86 1679 2 3534 
8786 9746 960 14538 99788 1655 
7 9746 O581 835 1 836 6578 5169 1409 1 1421 
0581 1419 838 9785 8370 1413 
8 1419 1970 552 2 1097 35555 e723 £814 2 eee 
2127 2675 546 2395 1581 912 
9 2673 2795 122 3/4 92 1581 1519 62 3/4 44 
2795 2917 122 1519 1465 54 
Qt 2917 2961 44 J 44 31465 1450 15 i 14 
2961 3004 43 1450 1438 2 
10 Ora 4 O O 1/4 O 
Sy = 83021 1.5648 2 12989 





A 


= 837,57 


KZ, = 3.1152 





~GE = 
TABLE ZX. (Cone. ) 


AREAS AND MOMENTS OF INCLINED SECTIONS 


Mali No. Ll WL =.1" to 2" 
Integretor #2 9 = 450 : 


Sta- Start Finish Ditf.S.M. f(A) Start Finish Diff. S.M. f(M™) 
tion 


Axis through G, KG = 0",0 


O Hoo 1/490 O We O 

% AS9G 4955 59 it 60 FOSY S40 47 i 47 
4955 5015 60 7940 693 4.7 

? S@25 S151 156 3/4 101 7895 7787 #106 3/4 &8 
S152 5285 124 “ST We7S 114 

2 1086 12410 3882 2 644 9928 9525 59” 2 Dd 
420 3738 See 9525 9128 897 

S$ vse 2153 422 2 422 9228 8530 4598 1 596 
2155 2674 487 8550 "S55 895 

4 6679 TO95 416 2 828 660 6119 641 2 1081 
"O95 506 411 A229 = AB? 540 

5 T506 7920 404 1 465 4879 40962 5&1 1 619 
7910 8516 403 4851 S581 880 

6 06 7919 405 2 610 519 2 1058 

TYLO mS 

i S16 8729 415 L 412 8841 $3000 541 i eee 
S729 9148 409 $900 £456 544 

8 99455 9838 40% 2 802 #es806 141 595 2 1197 
9838 02587 399 1610 1609 £601 

| ©8728 6667 295 /4 222 0993 C507 486 3/4 364 
O66 O965 298 O507 0080 487 

9% 0965 1Oe7 62 1 62 9020) =: 99°73 Ay 1 Ag 
1027 1088 61. 9973 9922 51 

10 Oo 1/4 O Oo 1/4 O 

»,. = 4766 1.4768 yy. = | 6802 

12 Za 
: 06% | = 19298 
Die L067 ys 4) 


A. = 480.89 A, = 1,518.46 


KZ = 2,9400 





TABLE X., (cont. ) 


AREAS AND MOMENTS OF INCLINED SECTIONS 


rs ee 


ea OW to 32 


Huil No. 


Integrator #2 


Sta- Start Finish Diff.S,M. Start Finish Dirf, S.M. f(M 
tion 

O @ 1/8 O © 1/4 0 

# 2937 3004 67 z 66 7534 7450 84 Il 86 
3004 3068 64 7450 7862 88 

1 3068 3223 155 3/4 117 7362 7154 $08 3/4 155 
$223 3380 157 7154 6947 807 

2 ©7350 1083 853 2 706 7028 7405 623 2 1037 
4196 4549 353 5694 5180 5214 

3 4549 4942 393 1 392 5180 4756 484 1 £428 
4942 5333 391 4756 4884 482 

4 S356 8736 403 2 807 4624 3975 $51 2 #49708 
5736 6140 404 6975 $616 857 

5 6140 6544 404 1 404 38616 3298 3884 1 884 
6544 6948 404 S298 2967 825 

6 6948 7344 5396 2 792 #967 #2685 832 2 660 
7344 7740 396 2655 2507 S23 

7 "9740 81285 588 L 385 2507 #%1938 369 #=$21. 368 
1083 1468 385 7405 ‘70S 867 

8 1468 1810 342 &£ 688 1565 1124 441 2 886 
8854 9200 346 1124 0679 445 

9 9200 9472 272 3/4 206 o679 o192 487 3/4 367 
9472 9747 275 O1S8 970 492 

9% 9747 9985 238 1 236 9701 9229 472 1 478 
9985 0219 234 9229 8745 484 

20 0177 0200 23 1/4 6 8458 8409 49 1/4 12 
0200 0225 25 8409 8360 49 

dies = 4805 1,3880 Sas = 5509 

= 17872 = 24807 

ue. a 
A= 484,82 Ai, = 180s 28 


Axis through G, KG = ©”, 


KZ = 2,763532 


WL 
<] 


45° 
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PABLE X. (conc. } 


AREAS AND MOMENTS OF INCLINED SECTIONS 


ETE. Eee SG ee ee 


Hull No. 11 WL ® 
Integrator #2 Axis through G, KG = 0”,0 59 = 


od /4 L 95655 5S27 fa) we 2 


® 2114 2120 6 5387 5322 3 








% 9807 9694 oy WL 86 FI8O 6928 152 lL 1254 
9694 9779 85 S988 678s L37 


fH 2555 2735 180 3/4 136 4828 4486 $42 3/4 257 
2735 2918 183 44385 4148 ead 

@ 38703 3977 274 2 550 2814 2259 S75 2 78S 
4179 4455 276 2225 1847 373 

S$ 4455 4'790 $55 1 336 1847 1564 285 1 284 
4790 5127 S57 1564 1273 283 

4 5127 5488 361 2 725 i273 1983 ZAOP) 2 4gl 
5488 5850 332 1939 cCS8Sv Fe 

57 O8BS LVR 1 3648 


5 5850 6221 S71 lL 3871 035 
6221 6592 S71 9383 OS12 "34 


6 6592 6952 580 red 729 One O323 OF 2 ee 
6952 7312 550 Ooms OL? L835 


fi 7512 7649 Oot 1 ced OLS? 9398 toe z 2.40 
7649 '7980 Ook 9898 95345 hig 


8 7980 8259 279 938345 se? og 2 B14 
8259 8538 279 2 553 Pee? GOES $25 


9 8538 8748 210 3/4 1588 9042 8700 B40 3/4 B84 


8748 8959 CLL BYOO B864 Seals 


94 8959 9137 178 1 176 8364 8034 330) 1 882 
9137 9312 175 8034 7708 REO 


10 9312 9459 147 1/4 37 7702 7390 Ble 1/4 %8 
9459 9607 148 7390 7080 SLO 
ise = 4186 1.2985 __ dise = 3851 
Dis. = 22058 Ye => 28638 
A,,# 422,37 “A * 2,225.65 
KZ * 2,5846 





TABLE X. 


95 = 


(cont. ) 


AREAS AND MOMENTS OF INCLINED SECTIONS 


Maa Bee Peo cc ee 


KZ = 2,4487 


Hull No, 11 WL = 4" to 5" 
Integrator #2 Axis through G, KG # 0”.0 @ = 450 
Sta- Start Finish Diff. S.M. Start Finish Diff. eM, TA 
tion 
O 9694 9718 24 1/4 65 6381 6327 54 1/4 13 
9718 9737 19 6527 6274 ays 
% 9737 9831 94 1 94 6274 6066 208 1 206 
98351 9925 94 6066 5862 204 
1 9925 0041 116 «3/4 «87 5862 5638 224 3/4 170 
4622 4739 117 1975 1746 229 
2 O160 0348 188 2 380 5402 52155 247 2 492 
0348 0540 192 5155 4910 245 
3 0540 0800 260 1 262 4910 4717 193 1 190 
0800 1064 264 £717 4530 187 
4 1064 1360 296 2 592 4550 4412 118 2 236 
1560 2656 296 4412 4294 118 
5 1656 1961 305 1 304 4294 42083 91 1 92 
L961 2264 SOS 4203 4110 95 
6 2264 2562 298 2 600 4110 4008 102 2 200 
2562 2864 302 4908 3910 98 
7 2864 3152 268 1 269 3910 3764 146 1 146 
3138 3402 270 3764 3618 146 
8 3402 3620 218 2 435 3618 3420 198 2 394 
4739 4956 217 1746 1550 196 
9 3852 4006 154 3/4117 5187 2972 215 162 
4006 4165 159 2972 2755 217 3/4 
93 4165 4296 51 1 te2 2755 2548 207 1 209 
4296 4428 132 2548 2337 211 
10 4428 4525 97 1/4 "22 2557 2155 182 1/4 45 
4525 4622 97 2155 1975 180 
dass = 3501 1.2300 Dies = 2555 
7 ss 25359 a = 
ce i = $1193 
4,." 35 S007 A> 2,558.72 





Hull Noe 


Je 


TABLE XI. INTEGRATION FOR 2B 


BOGe 


AREAS AND MOMENTS OF INCLINED SECTIONS 


AS Revenge emp Sept ee ee a ee 


Integrator #2 


Axis through G, KG = O”, 


WL = Up_to oO" 
g9 = 45° : 


Sta- Start Finish Diff. S.M, F(A) Start Finish Dift. S.M, rtm) 


mon 

O O O CO 05/4 6 0 O 0 1/4 0 

% 5480 5482 2 it 2 1619 1617 2 1 O 
5482 5483 4 1617 1619 -2 

1 5483 5491 8 3/4 7 1619 #41620 -1 3/4 -1 
5491 5500 9 1620 1621 ~1 

2 5500 5605 105 2 200 1622 1637 -16 2 #37 
5605 5700 95 16.57 1658 =@7 

3 5700 6045 345 1 344 1658 1784 £-26 1 <-28 
6045 6387 342 1784 1914 +30 

4 6387 6917 530 2 1070 1914 2187 -273 2 546 
6917 7457 540 2187 2460 -275 

5 7457 8045 588 1 586 2460 2792 -332 1 -329 
8045 8628 583 2791 3118 -327 

6 8628 9188 560 2 1120 3118 3418 -300 2 599 
9188 9748 560 3418 S717 299 

+i 9748 0187 439 1 436 3717 3899 182 1 -182 
0187 0619 432 3899 4080 +181 

8 O619 0794 175 2 346 4080 4116 -36 2 =-70 
0794 0965 171 4116 4150 -34 

3 0965 0975 10 3/4 8 4150 4153 -3 S/4 2 
0975 0985 19 4153 4154 ee) 

94 Same as 4 2 i rz Same as 4 O Ll 0 

10 O 0 Oo 1/4 O O O 1/4 O 

>). = 4121 -0.4353 a. 2 led 

A. = 415,81 
ZB = -O.8666 
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TABLE XI. (cont.) 


AREAS AND MOMENTS OF INCLINED SECTIONS 


ie eee eee em (ee eee 


Hull No. ll 


Integrator #2 





tion 


10 


0 


1523 
L479 


LO71 
1669 


1764 
2000 


2227 
zor 


2916 
5510 


0698 
4082 


4478 
44.78 


44.78 
A872 


5261 
5630 


6996 
6110 


6221 
6264 


O 


Axis through G, KG 3 O", 





O © 2/4 9 0 O 
Ve71 48 1 48 40098 5992 
1523 A. 4017 4003 
1669 98 3/4 78 3992 3967 
1764 95 5967 3938 
2000 236 2 465 5958 5879 
2227 227 3879 S817 
2571 644 1 344 387 5726 
2916 345 3726 S655 
3510 394 2 782 $655 S536 
3698 388 3556 3438 
4082 384 1 396 3458 3346 
4478 396 5546 Sh4Y 
4478 390 £ 780 S847 3247 
4478 S24 3247 
4872 394. 1 SOf SeA7, sey 
5262 389 Silay 3049 
5630 369 2 735 3049 2951 
6996 866 2951 2855 
6110 134 3/4 84 28885 2825 
6221 ili 2825 2793 
6264 43 1 45 82795 ‘2780 
6310 46 2780 2768 

O Oo 1/4 O O O 

dic) = 4434 -0.0894 
o,, = 8255 
A= 417.12 A,= 832,93 


WT, = @" so I* 
9 » 45° ; 


92 


120 


91 


197 


96 


L192 


99 


194 





TABLE XI. (cont.) 
AREAS AND MOMENTS OF INCLINED SECTIONS 


mE ee eee a 


Hull No. ll 


Integrator #2 





O Q O O 1/4 O O O 0 1/4 O 
+ 6522 6581 59 1 60 $123 3075 48 1 46 
6581 6643 62 3075 3032 43 
1 6645 6782 1389 3/4 104 3052 2927 105 3/4 8 
6782 6920 138 2927 2823 104 
2 6920 7240 3280 2 641 28235 2581 242 2 485 
7240 7561 321 2581 23538 243 
3 7561 7980 419 1 418 2888 2026 312 L Sil 
7980 8397 417 2026 716 310 
4 8397 8809 412 2 831 1716 1408 308 2 616 
8809 9228 419 1408 i100 308 
5 9228 9632 404 1 408 i200 0795 305 1 304 
9632 0045 415 O7V95 0491 304 
6 96382 0045 408 2 816 O95 0491 304 2 608 
7 0045 0450 £405 1 408 04982 oO187 304 1 308 
0450 0860 410 C1L87 9875 312 
8 O860 1262 408 2 801 9875 9584 291 2 589 
1262 1661 399 9584 9286 298 
9 1661 1960 299 3/4 225 9286 9056 230 3/4 173 
1960 2262 302 9056 8824 252 / 
9% 2262 2335 7B i. 74 8824 8771 53 1 47 
2335 2409 74, 8771 8710 41 
10 O O G 1/4 O O O O 1/4 O 
due = #786 0.2160 Die = 3585 
H, = 15041 oe = #2817 
4.7 482.91 A= 1315.84 


ZB = 0,4500 
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TABLE XI. (cont.) 
AREAS AND MOMENTS OF INCLINED SECTIONS 


nee elle Sa SS SC ee 


Hull No. ll WL 8 2* to 3" 


6 = 45° 


Integrator #2 





Axis through G, KG = 0", 








Sta- sar Finis bh tz @ lti @ : sare Inis Dy eile 
tion 
0 O O 6 1/4 O O O O 1/4 0 
% 1950 2015 65 1 66 94108 9518 84 Ll 8 
2015 2082 67 9318 9256 82 
1 2082 2241 150 3/4 119 9255 9057 199 3/4 149 
224, 2400 159 9007 8838 199 
2 2400 2750 350 2 704 8858 8400 438 2 870 
2750 3104 354 8400 7968 462 
3 3104 3490 386 1 387 7968 7483 485 L 485 
3490 3878 388 7485 6998 485 
4 $878 4282 404. 2 804 8998 6502 496 2 996 
4282 4682 400 6592 6002 500 
5 4682 5087 405 1 404 6002 5498 504 1 502 
5087 54912 404. 5498 4997 501 
6 5491 5892 400 2 800 4997 4505 492 2 992 
5891 6291 400 4505 4005 500 
7 6291 6675 384 1 384 4005 38524 479 1 476 
6675 7059 384 S526 3054 472 
8 7059 7400 342 2 682 5054 2651 42% 2 846 
7400 7741 $42 2631 8208 42% 
9 7741 8017 2876 3/4 206 8808 1867 341 3/4 254 
8017 8288 B71 L867 1552 335 
9% 8288 8522 234 1 234 12532 1241 4291 1 e292 
S522 8757 8385 1241 0948 293 
10 8757 8784 27 1/4 7 0948 0914 S34 164 9 
8784 8810 26 0914 0873 41 
gs = A770” "Ol42927 Das = 5954 
- 17838 - 'Or7L 
ie dss as 
A,,= 484.02 Age 1799.85 
ZB 8 0.9789 
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TABLE XI. (cont.) 


AREAS AND MOMENTS OF INCLINED SECTIONS 


PET i<AM~nmmspm EP SSS See 00 SSeS £0 ~ 


Hull No. 12 WEL = 3" to 5" 





Integrator #2 @ 8 45° : 
Axis through G, KG = 0*,0 
a= Start Finish Diff, S.M. A Ssart Finish Diff. S.M. f(M 
tion 
O 9655 9682 27 81/4 7 9803 91745 68 1/4 15 
9682 9708 26 9745 9685 60. Ci, 
+ 9708 9886 178 1 180 9685 93523 3562 1 S60 
9886 0067 181 9323 8966 357 
1 0067 1368 S01 3/4 226 8966 8385 581 3/4 435 
0368 0670 3502 8385 7808 577 
2 o670 1137 467 2 936 7808 6907 901 2 1806 
1167 1606 469 6907 6002 905 | 
3 1606 2206 609 1 602 6002 4829 1173 1 1176 
2206 2810 604 4829 $649 1180 
4 2810 3474 664 2 13825 S649 2552 1298 2 2601 
S474 4185 661 2561 1048 1503 
5 4135 4815 680 1 680 1048 9714 1334 Ll 1354 
7054 7734 680 0270 8935 1335 
6 7734 8399 665 2 1328 8935 763% 1302 2 2602 
8399 9062 663 7634 6833 1300 
7 9062 9669 60% 1 606 6385 5147 1186 L 1286 
9669 O273 604 5147 8958 1189 
8 o275 0775 600 2 1000 3958 2985 973 2 1945 
O778 1273 5600 2985 2015 972 
9 12873 1640 367 3/4 273 -2013 1305 708 3/4 531 
1640 2003 363 1305 0598 707 
94 2003 2310 #307 1 307 0598 0006 592 1 594 
2310 2617 307 0006 9410 596 
10 2617 2860 2435 31/4 61 9410 894, 469 1/4 118 
2860 3105 245 8941 8470 A471 
Des = 631 0,9254 Lag = 14705 
dius = 25369 : yo = 25476 
O.. = 759.88 5 @ 2559.73 


2B * 11,8425 





ee fae | eee ee ee eS, OL eS Oe eee SF Ce 


-l0l- 


TABLE XII. 


L\ SB KZ SB KZ SB KZ 
51 800.0 1.000 1,769 1.900 1.798 2,032 2.358 2.685 
52 1024.0 1.280 2.264 2.372 2,294 2.483 3,018 3.275 
53 853.6 1.067 1.888 2.012 1.9232 2.140 2.516 2.820 
54 683.2 0.854 1.510 1.669 1.530 > 2,014 2,400 
86 939.2 1.174 2.077 2.190 28.104 2.512 2,768 5,060 
51 1400,0 1.000 90.850 0,756 1.586 1.548 i.780@ 2.345 
52 1792.0 1.280 0.704 0,871 e254 1.780 2.202 2.720 
53 1493.8 1.067 0.587 0.785 1.212 1.600 1.8355 2,430 
54 1195.6 0.854 0.469 0.739 0.970 1,447 1.469 2,200 
55 1645.6 1.174 0,646 0.825 1.335 1.697 2,019 2.580 
51 1900.0 1.000 0.430 O.711 0.875 1,426 1.370 9188 
52 2457.0 1.280 0,551 0.777 #=$§21.320 1.555 1,754 2,420 
5S 2027.56 1,067 @.459 0.735 0.954 1.4568 1.468 2,240 
54 1627.9 0.854 0,367 9.690 0.747 LiSB77 ju.r70 2.100 
5S 2250.6 1.174 0,505 0,750 1.0878 1.802 1.608 2.530 
51 2560.9 1,000 0,355 ©.704 0.697 1.432 0.990 2.038 
52 3200.0 1.280 0,454 6.7212 0.89% 1.455 1,267 2,124 
53 2667.5 1,067 @.5379 0.755 0.748 1.486 1.086 2,054 
54 2125.0 0.854 0.805 0.748 0,895 1,415 0.845 2,030 
SS 2955.8 1.174 $9,417 0.786 0.818 1,469 1.162 2,092 
51. 3100.0 12,000 0,284 ©C,.730 0.457 1,250 0.586 1,856 
52 3968.90 1.280 0.863 0.721 0.586 1.282 Os750 1,800 
SS 33507 ,7 1,067 0.803 0.735 0,488 1.312 0.625 1.840 
54 264:'7.4 0.854 0,842 0,769 0.895 1.3877 0.500 1.940 
95 3685.4 1.174 0,534 6,726 0.557 1,506 0.688 1.810 
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Table XII. (cont, ) 





Hull 45° 60° 75° 
A A SB KZ SB KZ SB KZ 

51 800.0 1.000 4.200 3.710 3.400 3.665 3.561 3,575 
52 1024.0 1.280 5.376 4.864 4,352 4,404 4.558 4.070 
53 853.6 1.067 4,481 3.980 %.628 3.830 3.799 3.678 
54 685.2 0.854 3,587 3.120 2.904 3.320 3,041 3.350 
55 939.2 1.174 4.932 4.4280 3.992 4.120 4.180 3.870 
51 1400.0 1.000 2.956 3.260 2.788 3.574 2.775 3,425 
52 1792.0 1.280 3.784 3.986 3,569 4.180 3.552 53.810 
55 1493.8 1.067 3.154 3.430 2.975 3.73530 2.961 3.500 
54 1195.6 0.854 2,524 2.890 2.381 3.350 2.370 3.260 
55 1645.6 1.174 3.470 3.718 3.273 3.960 3.258 3.645 
51 1900.0 1.000 2.300 3.076 2.132 3.425 2.178 3.337 
52 2432.0 1.280 2.944 %.564 2.729 3.810 2.788 3.620 
53 2027.3 1.067 2.454 3.190 2.275 3.500 2.324 3,390 
54 1622.6 0.854 1.964 2.830 1.821 3.270 1.860 3,220 
55 8250.6 1.174 2.700 3.386 2.503 3.664 2.557 3.500 
51 8500.0 1.000 121.590 2.784 1.460 3,176 1,511 3.219 
52 $300.0 1.280 2.055 3.025 1.869 3.380 1.934 3.498 
53 8667.5 1.067 1.897 2.840 1.558 3.216 1.612 3.348 
54 8155.0 0.854 1.358 2.660 1.247 3.096 1.290 3.250 
55 2935.0 1.174 1.867 2.950 1.714 3.300 1.774 3.480 
51 3100.0 1.000 0.9290 2.498 9.800 2.925 0.791 3,088 
52 $968.0 1.280 1.178 2.518 1.084 2,960 1.012 3.150 
53 3507.7 1,067 0,982 2.500 0,854 2.950 0.844 3,095 
54 2647.4 0.854 0.786 28,490 90.885 2.974 0.675 3.053 
55 3639.4 1.174 1,080 2.510 0.939 2.950 0.928 3.120 
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APPENDIX E. SUPPLEMENTARY DISCUSSION 


The following table is published to illustrate further the 
point made at the end of Section III, Results, that the effect 


on GZ of small variations in KZ/B is considerable. 


SES aa eee ee eee eee Cee 


Q Diff. in GZ Reg'd diff. in K2Z/B Ship 
30° ~38 .00633 

490 256 .00933 

500 256 .00933 

60° w72 01200 

79° 82 01365 C1B 
806 72 ~O1200 

90 60 .01000 

30° 263 On) 

40° 1.00 ~O1L76 

50° 1,58 0278 

60° 2,24 20394 

70° 2.62 -0460 EC2-S-Cl 
80° 2,85 0500 

90° 3,08 ~O541 

30° 098 ~O1L41 

400° 1 294: 0221 

590 2.15 0306 

600 2.58 0371 C3 
700 2.94 0423 

800° pak 0453 

900 3,27 04°70 


eae snninpEnmn nT snIEnesnnnsmnensnnnenta Or enmmmnciiemmntiaeestumaceneneremmmnatinnaiunoctamestaTineatasiiasaait aaa aaa aatiasadiacaasaassaasasasas asa 
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APPENDIX F. ORIGINAL DATA 


This Appendix contains: 

1. A summary of the integration data, (Tables XIV and XV). 
The actual work sheets with the integrator readings were too 
numerous to publish. These along with the body plans and other 
data and work sheets too numerous to publish have been turned 
over to Professor Manning for the use of future investigators. 

2. The cross<curves of stability for the three parent 
models, Figure XXIV through Figure XXVI. 

3. Curves of KZ vs. @ for various B/H values at constant 
Cz and H/D ratio are included as Figures XXVII through XLI. 

4, Displacement vs. Draft curves for the three parents, 
Figure XLII. 

5. KB vs. Draft curves for the three parents, Figure XLIII. 


>. Cl 
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TABLE XIV. RESULTS OF INTEGRATION FOR KZ 


HULL NO. 11 


KG = O for all angles. Asterisk indicates integrator 
#1 was used. All other readings with integrator #2, 


@ = 10° 
f(A f(A) f£(M) £(M) Tot.f(mM) Total KZ 

WL Slice Total Slice Total Tot.f(A) displ, (in.) 
ie to ot 405 405 543 543 1.3407 40,82 2,6999* 
Up to $#" 1768 1768 1444 1444 #2.8167 #178,21 1.6447* 
Up to 1" 3735 3735 2045 2045 ,5475 376.86 1.0900 
mote 2 £640 8075 1134 3179 #.8957 814,77 #&«3.78se 
eto 5" 4821 12896 1316 4495 .3486 1301.20 .6940 
Se to 4" 5106 18002 1820 6315 .3508 1816.46 .6984 
A" to 8S" 6467 25469 2423 8738 ,3725 2368.02 .7412 
Q@ = 20° 
Up to Ll" 4336 4336 4101 4101 .9458 437.50 1.8829 
mM? to 2" 4476 8812 2538 6639 .7534 889,15 1.4999 
2" to 3" 5039 13851 3041 9680 ,.6989 1397.56 1.3914 
Be to 4" 5424 19275 40153 15693 .7104 1944,85 144143 
2E-to 5" 4895 24170 2731 16424 .6788 2458,75 1.3527 
9 = 30° 
Up to 1" 5479 5479 6590 6590 1.2028 552,83 2.3945 
1" to 2" 4505 9984 4279 10869 1,0886 1007.38 2,1672 
2" to 3" 5303 15287 5104 15973 1.0449 1542.46 2.0802 
B- to 4" 5040 80527 4101 20074 69876 2050.99 1.9661 
4" to 5" 4061 24388 2240 22314 .9150 2460.75 1.8216 
Q@ = 45° 
Up co-o" 316 316 560 560 1.7722 31,85 3,5688* 
Up to-1" 1566 1566 2676 2676 1.7088 157.85 3.4412* — 
Up #o OM 8 8=689©64128 4128 #6871 6871 1.6645 416.10 3.3520* 
Up to 1" 8301 8301 12989 12989 1.5648 9837.57 3,1152 
a" ¥o 2" 4766 13067 6309 19289 1.4768 1518.46 2.9400 
2" to 3" 4805 17872 5509 24807 1.3880 1803.28 2.7632 
3" to 4" 4186 22058 3831 28638 1.2983 2225.65 2.5846 
eto &" $301 25359 2555 51193 1.2800 2558.72 8.4487 
9 = 60° 
Up to -l™" 3889 3889 7154 7154 1,8395 392,40 3.6621 
-1" to 1" 7881 11770 12722 19876 1,6887 1187,59 3,3619 
1" to 2" ° 4412 16182 6065 25941 1,6031 1632.76 3.1914 
2" to 3* 4003 20185 5108 31049 1.5382 2036.67 3.0622 
5° 6066 26251 6342 37391 1.4244 2648.72 2.8357 


to 5" 
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TABLE XIV (cont.) 


HULL NO. 11 (cont.) 


KG *= 0 for all angles. Asterisk indicates integrator 
#1 was used. All other readings with integrator #2. 


. A Is yj 26: ‘ota K 
WL Slice Total Slice Total Tor caer displ. (in.) 
750 
fo to 24" 138 138 185 185 1.3406 13.91 2.6997* 
Up to -3" 1494 1494 2705 2705 1.8106 150.60 3.6462* 
Up to -2" 3858 3858 7251 7251 1.8795 389.27 3.7417 
Up to -1" 6891 6891 12631 12631 1.8329 694.61 3.6911 
-2" to o* 6961 10819 11734 18985 1.7548 1091.64 3,4934 
Oo" to 8" 8368 19187 12577 S1562 1.6450 1935.97 3.2749 
|e" to 3" 3468 22655 4899 36461 1.6094 2285.89 3.2040 
3% to 4" 2821 25476 3814 40275 1.5809 2570.53 3.1472 
G@ = 90° 
Up to 3" 6825 6825 11555 11555 1.6930 687.96 3.4094* 
3" to 44" 5474 12299 8793 20348 1.6544 1239.74 3.3316* 
44" to 6" 6127 18426 9778 30126 1.6349 1857.34 3,2924* 
HULL NO. 31 
KG = O for all angles except 45° where KG sin @ = 1" 
Integrator #1 used. 
@ = 10° 
Up Up to to 1” 4487 «24487 +2999 2999 .6684 452.29 1.3460 
o 2" 5056 9543 1118 4117 #4«2.4314 4961.93 #£.8688 
an - 3" 5429 14972 1436 5553 £.3709 1509.18 # £.7469 
3% to 4" 5585 80557 2040 7593 .3694 2072.14 .7439 
4" to 5" 5949 26506 2673 10266 .3873 8671.80 # .7790 
@ = 20° 
Up e Up to 1" 5342 5342 5654 5654 1.0584 538.47 2.1314 
o 2" 5105 10447 2794 8448 +=.8086 1053.06 1.6284 
zn + 3° 5719 16166 3263 11711 .7244 1629.53 1.4588 
b to 4" 5962 22128 4380 16091 ~6957 2232.72 1.4010 
4" to 5" 5334 27462 #2886 18977 .6667 2770.92 1.3426 
6 = 30° 
a 35, -- 14839 16047 16047 1.0814 1495.77 2,1777 
to 34" - 20927 21318 21318 1.0187 2109.44 2,0514 
Bu" bo aan 5201 26128 3455 24773 0.9481 2633.70 1.9093 
9 = 45° 
Up to 0" 5384 5384 6308 6308 41.1716 542.71 3.3594 
Oo" to 1" 4615 9999 4948 11256 1.1257 1007.90 3.2669 
1” to 2% 5179 #15178 4393 15649 1.0310 1529.94 3.0762 
2" to 3" 5175 20353 2838 18487 .9083 2051.58 2.8291 
3" to 5" 8434 28787 1946 20433 .7098 2901.73 2.4294 
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TABLE XIV (cont.) 


HULL NO. 


OL. 


(cont. ) 


KG = 0 for all angles except 45° where KG sin @ = 1" 
Integrator #1 used. 


WL 


@ = 60° 
Up to -1" 
Sh =O zt 
2¥ te 2" 
2" to 3" 
“3 SO BR 


@ = 75° 
Up to 0” 
Up to 1° 
1" to 23" 
os ae 
io} 

: 2 a 
ah" to 5" 


A 


4914 
8625 
4668 
4421 
7119 


6191 


8417 
5992 
6302 


KG « Ofor all angles except 


sin e@#8  ", 
used3; all other readings with integrator #2. 


WL 


Slice 

@ = 10° 
Up > bo .”* 6564 
1" 40 8" 6048 
2" to S$" 6305 
So" £6 4% 6498 
4" to 5" 6734 

al 
pe 6547 
a 3 5925 
i to 3" 6552 
3" to 4" 6836 
4" to 5" 5995 

9 = 30° 
Up to Ll” 7869 
1" te 2" 5892 
RP“ to SY 6911 
S" to 4" 6357 
4" to 5" 50389 


A914 
135539 
18207 
22628 
29747 


15164 
L'7518 
2o109 


8417 
L4409 
20761 


Total 


5564 
L1612 
L7917 
2441.0 
o1144 


6347 
12272 
18824 
25660 
SL655 


7869 
13761 
20672 
27029 
52068 


9024 
14430 
6394 
O315 
6219 


eerlo 
29625 
9059 


13705 
9567 
10002 


HULL 


riM 


9024 
LO4G4 
29848 
O01L63 
41518 


eallo 
29625 
58664 


13705 
BoOale 
oon 4 





Slice 


O7 20 
11.56 


L873 


22.98 
2813 


7104 
2972 
o+01 
4682 
26535 


10641. 
5612 
5998 


No. 


7 


Total 


3720 
4856 
6429 
8684. 
11437 


7104 
LOO’6 
15477 
L8BLS9 
20792 


LO681 
16243 
Cena) 


51 


4572 
ZOLZ 


2681.3 
29125 


Tot. .f(M 





1.8564 
Levee 
1.6594 
1.9540 
L 2302.1. 


a. fo01 
1.6911 
1.63508 


1.6282 
1.6151 
1.6027 


Ow ol 


6686 * 
04182 
25088 
PES te rey) 
eo672 


1.1193 
8211 
“7159 
Rr rial | 
06568 


1.5510 
1.1804 
L.O759 
09920 
9082 


Tota 


495.535 
1364.75 
1835.26 
2280.90 
2998.50 


1526.98 
1765.81 
2089 .87 


848 .435 
1452.43 
2092.71 


KZ 


Slice Total Slice Total Tot.f(A) displ. (in. ) 


56981 
524885 
5.5014 
521294 
2.8014 


5.4841 
54055 
5.2841 


5.2769 
Oe LOLO 
5.2015 


Ota 


961.41 
LiV1.65 
L807 .85 
2462.97 
5142 .45 


640.41 
1238.24 
1899 .54 
2589.09 
9195.99 


795.98 
1588.48 
2085.80 
Ole geo 
0205 666 


45° and 60°, where KG 
Asterisk indicates Integrator #1 was 


Tot f(A) displ. (fe 


1.3510 
«8526 
7143 
7035 
e7 510 


2 e285 
1.6546 
1.4252 
1.5076 


2 26896 
220499 
2eL419 
1.9749 
1.8080 








TABLE XIV (cont.) 
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HULL NO. 51 (cont.) 


KG = O for all angles except 45° and 60°, where 
KG sin 90 = 1", 
was used; all other readings with Integrator #2. 


Asterisk indicates Integrator #1 


F(A) P(A) £(M) f(M) Tot.f(M) Total KZ 
WL Slice Total Slice Total Tot.t displ. (in.) 

eS = 45° 
Up to O" 6554 6554 7835 7835 1.1955 661.30 3.8800 

tw to 1" 4988 11542 5653 13488 1.1686 1154.59 3.3264 
L*® to 2 «65804 17346 8148 18630 1.0740 1750.21 3.1381 
et to 3" 58535 23179 3045 21675 9550 2338.76 2,8624 
a to 5" 9544 327235 2392 23065 0.7049 $301.75 2.4033 
@ © 60° 
Up to -L" 6496 6496 98742 8742 1.3456 655.45 3.6788 
~i" to 1" 9487 15983 112525 20254 1.2672 1612.68 3.5227 
1" to 2" 5012 80995 44388 24648 1.1757 2118.40 3.3366 
e” to S* 4826 25822 S058 87680 1.0720 2605.34 3.1541 
3" to 5% 8287 34108 28910 30590 68969 3441.50 2.7855 
g = 76° 
Tp to -2" 6570 6570 123924 11934 1.8354 662.91 3.6101 
-2" s5 O° 8582 15252 15975 25889 2.7087 1528.74 33,4017 
oO” to 2". 8958 24109 16254 39248 1.6236 2452.60 3.2823 
2% £69 5 4260 28369 S689 44765 1.5779 2862.45 33,1431 
3" to 4" 3905 322"28 4806 49559 1.5360 3256.24 3.0579 
@ = 90° 
OR up bo 5" 10250 10250 13867 165362 1.5962 1055.20 3.2144 

arate aie 6404 16654 10025 26455 1.5886 1678.72 3,1991* 
ane to 6" 6419 23073 9945 86401 41,5776 2525.76 3.1770* 

HOLE NO. Le 
KG = 0 for all angles except 88°, where KG sin @ = 2", 
All readings with integrator #1. ; 
} TCA j i k® “ten Fin. TOC ek 
WL Slice Totel Silico Yotal Tot.PlA) Saeea Gita 5 

o = 7 On1t 
Up ae? ABS 4239 8188 8282 .6576 487.77 1.3243 
eco SESS 10858 1552 44358 45S 1044.09 ~B812 
ow oe ne 6051 16409 1429 5962 .3635 1654.03 7318 
3 to at 6418 22887 1939 7889 .3452 2300.96 .6952 
an so S* 6914 29741 2537 LOSLT .3502 2997.89 .7052 
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TABLE XIV (cont.) 


HULL NO. 12 (cont. ) 


KG = O for all angles except 38°, where KG sin 6 = 2", 


All readings with integrator #1. 


f(A 
WL lice 
@ = 38° 
Up to L" 10055 
im to 2" 5355 
a" to 3" 5597 
3% to 4" 5282 
4" to 5" 4287 
9 = 71°04! 
Up to tL 18357 
1*® to 3" 8108 
So to 4" 3324 
1" to -1" 8166 


-1"" to -2" $583 


A 
Total 


10055 
15410 
21007 
26289 
50576 


18557 
26654 
29958 
LOS6O 

Ont 


f(M 
Slice 


8496 
AOAC 
88 
“1728 
~2785 


JOR O4 
11286 
5980 
135095 
6687 


£(M 
Total 


8496 
105735 
10461 

8755 

5948 


ooce4 1.7961 
44520 1.6715 
48500 1,6189 
20141 1.9441 
15454 1.9852 


Tot.f(M) Total 
Tot on by dis oa 


~8450 
6751 
24980 
o50Le 
eo L945 


1013,54 
1653.53 
2117.50 
2649.93 
3082.06 


1850.38 
2684.71 
5019.77 
1044.29 

683.12 


~ 


KZ 
an. 


».7OLT 
3eD009 
5.0029 
@ 5690 
~.O9LT 


55170 
5.0661 
3.2601 
3.9150 
Se Gore 
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TABLE XV. RESULTS OF INTEGRATION FOR ZB 


oe BE a ee eR See a i 


HULL NO. 1l 


KG = O for all angles. Integrator #2 used. 
Go = 


ECA) ECA) PCM) Of (M))~«O Tot. f(M). Total ZB 


WL Slice Total Slice Total Tot tA) dian (ane) 
te to rm “SSL6 S516 99 — «99 F - 20604 


0° (2B = KB) 


1" to 2" 4494 8010 2961 3956 04939 808,22 9832 
pe" to 3” 4746 12756 5957 9913 7771 1287.08 1.5470 
S" te 4" 5036 17792 8792 18705 1.0513 1795.21 2.0929 
4" to 5" 5464 23256 12214 30919 1.3295 2346.53 2.6468 
9 = 10° 

Up to Ll" 3748 3748 866 866 $2610 570.7% 04599 
1" to 2" 4437 #428185 3346 4212 6146 825.87 1.0245 
2" to 3" 4863 13048 6075 10287 7884 1326.52 1.5695 
o” te 4" 5165 18215 9045 19350 1.0615 1857.69 2.1128 
4" to 5" 5522 23735 12398 31728 1.3368 2394.86 2.6613 
g = 20° 

Wp co lL” 435124 #4314 614 614 ~1423 435.28 02833 
J" to 2". 4459 98773 3539 3953 4506 885,20 8970 
2" to Ss* 5045 13828 6284 10257 07408 1594.24 1,4748 
3" to 4" 5351 19169 9389 19626 1.0238 1934.15 2.0382 
4" to 5" 4864 24033 10899 30525 1.2701 2424.93 2.5285 
9 = 30° 

ioce © 85400 S409 234 234 0458 °$45.7'7 eO862 
7! te 2" 4852 20242 S480 3714 06526 1035.32 °7219 
2" to 3" 5438 15679 6886 10600 6761 1582.01 1.35460 
3" to 4" 5113 20792 9064 19664 09457 2097.91 1.8827 
4" to 5" 4107 24899 9160 28824 1.1576 2512.31 2.3046 
@ = 45° 

Up to oO" 4121 4121 -1794 -1794 -+-,4353 415.81 -.8666 
OF te 1" 464 #8255 1056 “758 -.0894 832.93 -.1780 
i veo’ 42786 15041 3555 S17 2160 1315.84 24300 
2" to 3" 4797 17838 5954 £8771 4917 1799.85 9789 
3S" to 5° 7532 25369 14705 23476 9254 2559.75 1.8423 
8 = 60° 

Up to -1" 3791 3791 -3589 -3589 -.9467 382.51 -1.8847 
-1" to 1" 7718 11509 1230 -3466 -.,3012 1161.26 -,.8996 
1" to 2" 4551 16060 3276 -190 -.,0118 1620.45 -.0235 
2" to 35" 4109 20169 5109 # £4919 02439 2035.05 24856 
5" to 5" 6121 26290 11953 16872 6418 2652.66 1.2777 





-li2z- 
TABLE XV (cont.) 


HULL NO. 11 (cont, ) 


KG = O for all angles. Integrator #2 used. 





————— FTE) £Th) tty ETH) "Tok. fh) Total 2 

WL Slice Total Slice Total Tot.f(A) displ. (in. ) 
@ = 75° 
Up to -2" 3880 3880 -7175 -7175 -1.8492 391.49 -3.6814 
-2" to O* 6891 10771 -5512 -10487 -.9736 1086.79 -1,.9382 
Oo" to 2" 8359 19130 4177 4-6310 -.3298 1930.22 -.6566 
2" to 3" 3548 22678 4836 -1474 -.0650 2288.21 -.1294 
3" to 4" 2845 25523 4935 3461 01356 2575.27 ~2700 

HULL NO. 32 
KG = 0 for all angles. Integrator #1 used. 
f(A f(A) f(M fiM) Tet.f(M) Total ZB 

WI Slice Total Slice Total Tot.f(A) displ. an » 
@ = 0° (ZB = KB) 
Up to 1” 4390 4590 1249 #1149 2617 442.51 .b270 
1" to 2" 5278 9668 3989 5138 5334 974.53 1,0701 
2" to 3° 5397 15065 6759 11897 .7897 1518.55 1.5903 
3" to 4" 5495 20560 9820 21717 1.0563 2072.45 2.1272 
4" to 5" 5566 26126 13362 35079 1.3427 2633.50 2.7039 
6 = 10° 
Up to 1” 4398 4396 958 938 72134 445.12 04297 
1" to 2" 5049 9445 3814 4752 .5031 952.06 1.0131 
2" to 3" 5342 14787 6857 11609 .7851 1490.53 1.5810 
3" to 4" 5614 2040L 9874 23483 1.0530 2056.42 2.21205 
4" to 5" 5808 26209 13538 35021 1.3562 2641.87 2.6908 
@ = 20° 
Up to 1" 5809 5209 594 594 .1240 525,07 «2296 
a“ ¢@ 2" 5058 10844 3878 4472 4365 1032.60 8790 
Ee t6 5°. 5627 15871 7084 17886 7281 1599.80 1.4662 
3S" to 4" 6438 22309 10533 22091 9902 2248.75 1.9941 
4" co 5" 5344 27655 12016 34107 1.2334 2787.42, 2.4838 
9 = 30° 
Up to I" 6565 6565 -3 -3 -,.0004 661.75 -.0008 
i" to 2" 5139 11704 4112 4108 3510 1179.76 .7068 
2° to 5" 6022 17726 7598 11706 .6604 1786.78 1.3299 
Si’ to 4" 5675 23401 9809 21515 9194 2358.82 1.8515 
4" to 5° 4504 27905 10090 31605 1.1326 2812.82 2.2808 
9 = 45° 
Up to OF 5378 5378 -2755 «2755 -.5123 542.10 -1.0317 
O" to 1" 4453 9832 1178 -1577 -.1604 990.96 -,3230 
1" to 2" 5174 15005 3906 2329 .1552 1512.50 23125 
2" so 3" 5081 20086 6449 8778 1.4370 2024.67 . 8800 
3" to 5" 8499 28585 16623 25401 .8886 2881.37 1.7895 
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TABLE XV (cont.) 
HULL NO. 31 (cont.) 


KG = 0 for all angles. Integrator #1 used. 


A) TCA) 2 UM) PEM) Tou sf f(M) Total 7B 
Toseal Tot F(A) a.) 


Total Siice displ, 








WL 





mM 
olice 





= 60° 


Up. GO ca mat = §=64861 4361 e298Y e492 W2. pFALLS 489,99 2.03870 
oy ; SO a QA 7 2 fs ra 8 wii SN s ot AB2 1EB2 BL 0 WATS 
a.” to a* MBOal AV od SAL Las aoU764 LUE 65 ~ 62538 
2" so si Av) i. 9 mt oe Ge oe (OF das 03408 
a” So 5% Tee S304 B8027 Lirik eC7T. 2953,84 7 6 e26 


aw’ 


a ABQ $89 eVSBQ aVBe =... 0083 493.82 -3,0574 



































aot to G" 7496 123° HO, Les —“,SJ00 2249.42 -1.,5124 
oe" se 2". asal — G05 8885 -.0288 2110.35 = .é621 
2" ze 2" SYAL 24717 4588 «HSS =~,3888 2497.47 = 61.788 
So £" E350 2809 S328 wer 0296 2825.35 e2iG10 
HOLL NO. 2 
KG? = O for all engles. Insegvator #2 used. : 
6. Le —— Ts Phas Sr ae on eames =. tw. © 
; rid) (A) £ CM) are A} eure “(MM M) Ieee} 
WE Sifeo ose? siico Tot TESST atepl. (ia.) 
2 O > 
ea (ZB = KB ) 
oo oO kL Sees S445 LOA CRUE Lees 699 12 04938 
22 tm 2" 6320 LLGks BiG ESO BENS 1266538 1.0577 
CS?! 66 5" eer 17 7a 19 WD LEG Se VO 1789.46 1.5545 
ey ieee a p+ e? Nt wan one é ? 
2" go 2° Gel 4079 cae) 6B Oe 1 .O8ce8 Oke ei 2eoOLRS 
a we 1M 7 ry > 4 von ‘ a ad a fa ” Ay 
4° to 5” 6458 SOvLS L4vl8 86704 1.29286 3009.14 2.51753 
wv & 20” 
Jp to 2" BayvS BEV0 RES ores to a 0 G9 53SEC ae 20980 
TR se we GAO LOW es Gy ra Ai'g8 oe a7 LLG? oor ewe 
y re = Ci he Ge i. Bl 3. 6 eae OOR a CRS ee) r*) i BOS B09 a Dat L Peail. Oe cs 
0 ” 
st to 4" 654 24482 L456 24825 1.0136 2470.85 2.0179 
é£" 469 5" 6824 322895 15288 40044 1.2795 3157.77 28,5472 
a= 20° 
Up te i" 6265 6268 oo et 8 .eloOnT 651.94 PRE Sa O!s) 
7” 4 2" goe@ 12345 44.653 5000 e050 1245.61 8083 
PO oO Weal 19086 S257 Sear 03250 1925,"7 1.0806 
3" to 4" 6887 25897 11932 85148 9737 2605.94 1.9884 
4" bo 5" 606 $1887 128475 $8627 ia Pisce eelic4O 2.482 
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TABLE XV (cont.) 


HULL MNO. $1 (cont. ) 


KG = O Per all anges’, 


WI, 


9 = 30° 
Wp to i* 

$2 40 on 
a” to 3" 
att to Ait 
7 to 5" 


@ = 45° 


Up wo 0" 
o' wo i: 
1 yo 3* 
Ze to S* 
3" ta 5° 


6 = 60° 
Up to <1" 
Ee to 1° 
am +o 2 
27 to 3* 
So to 5" 


Q = '75° 
Up to ~2" 
=e te Oo" 
‘ohu to Qi 
a ey Sl 
3" to 4 


~ 


A 
Slice 


7698 
6003 
7058 
6592 
5095 


5945 
o014 
5877 
9882 
9612 


6464 
9588 
9060 
4.920 
8548 


6512 
8527 
S971 
4350 
0998 


Total 


7698 
13701 
20759 
27131 
oene4d 


5945 
1LO959 
16856 
Lel1s 
OL000 


6464 
15852 
20912 
20852 
54180 


6512 
15059 
24010 
£8540 
OL008 


f(M 


M 
Slice Total 


246 
44485 
8677 
11052 
113523 


~9586 
1265 
AZAQ 
7145 
18628 


-~6482 
o4 
5667 
6016 
16284 


-9595 
-4152 
4494 
OSLL 
6891 


~246 


ALOT 


L2874 


£28926 


35249 


-9586 
“B1E1 


~—38872 


S275 
23.901 


-6482 
~6448 
-2781 

3255 
LYSLY 


@9595 


“15727 


-9235 
-592E 
2969 


Tot.f(M 


OU. 


- 03519 
20063 
«6208 
8819 

1.0959 


-1.5788 
-. 7410 
a 22000 

e L441 
06774 


~ 1.0028 
-44068 
Ae 1.380 
oL2oe 
eO71L1L 


=-1 ot 754 
- 9128 
es 2004S 
“e L384 

ASRS: 


Integrator #2 used. 


Total 


displ. 


176 675 
1382 ,43 
2092.56 
2737.52 
5251.40 


599.85 
1105.76 
1698.75 
BOIS e2O 
5262.10 


652.22 
1599.47 
£110.02 
&606.45 
5448.76 


657 .06 
1517.43 
2422.61 
£859.50 
5262.90 


ZB 
(ana 


00655 
«6098 
1.2559 
L787 
Sel 177 


5 L451 
™~e 4579 
02869 
1,3486 


1.9964 
ie 38099 
~ .2648 

o2492 


1.1569 


“1.8172 
a «7656 
~ 2759 


Pigecas: 
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CROSS CURVCS OF STABILITY - PARENT MODSL C, 0.60 
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FIGURE XLII 
ORAFT (H) VERSUS OISPLACEMENT (6) 
SBRIES "60" - PARENT MODELS 
C, 0.60 L 75" B 10" 0 5.69" 
Cy 0.70 L 75" B 10" O 5.69" 
Cp, 0.80 L 75" B 107 D 5,69" 
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